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PEEMCE 


This  work  represents  the  results  of 
an  investigation  "by  the  writer  relative  to  the 
effect  of  the  amotmt  of  mixing-  water  on  the 
strength  of  various  Portland  cement  mortars. 

In  the  series  of  experiments  out- 
lined in  the  following  pages,  mortars  of  four 
different  proportions  were  used;  each  mortar 
was  made  up  with  seven  different  percentages 
of  water,  and  specimens  of  the  same  age  and 
consistency  weretested  for  three  different 
ages.  An  outline  of  the  test  specimens  is  giv- 
en in  Pig.  I,  page  II. 

The  investigation  required  the  mak- 
ing of  840  test  specimens  coi^sisting  of: 

84  cylinders,  3"  x  6". 

236  cylinders,  2"  x  4". 

420  standard  tension  briquettes. 
All  work  was  done  in  the  laboratories  of  the 
Armour  Institute  of  Tech-nology,  Chicago,  111. 
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Al though.,  as  a  general  rule,  those 
interested  will  probably  be  more  ooneerned 
with  the  final  results  than  with  the  details 
of  procSiedure,  all  laboratory  methods  and  test 
figttres  are  given  in  the  hope  that  they  may 
be  of  some  use  to  someone  who  is  engaged  in 
similar  work. 

The  writer  is  greatly  indebted  to 
Prof.  Phillip  C.  Huntly,  Associate  Professor 
of  Experimental  Engineering  at  the  Armour  In- 
stitute of  fechnology,  for  much  valuable  ad- 
vice and  assistance,  and  wishes  tomezpress  his 
thanS:s  for  the  interest  shown  by  Prof.  Huntly 
in  this  work. 

The  writer  also  wishes  to  thank  Mr. 
Dickinson,  of  the  Marquette  Cement  Kfgt  Co., 
for  the  chemical  analysis  of  the  cement  used; 
and  Prof.  Duff  A.  Abrams,  Professor  in  charge 
of  the  Structural  Materials  Research  Laborat- 
ory at  lewis  Institute,  for  his  kindness  in 
furnishing  the  color  chart'cttsed  in  sand  an- 
alysis. 

For  illustrations  of  their  products. 
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the  writer  is  indebted  to  the  !Pinius  Olsen  Testing 
Machine  Co.,  Riehle  Eros*  Testing  L^aohine  Co.,  How- 
ard So.  I/Iorse,  and  The  Bausch  £c   lomh  Optical  Co. 

All  Calculations  contained  herein  were 
made  by  the  writer,  and  where  accuracy  was  required 
to  only  three  significant  figures,  were  made  on  the 
slide  role. 

Eoy  Monroe  Singer. 
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THE  EFFECT  OF   QUANTITY  OE  KHIETG  WATER  OTS   THE 
STSEITGfTE  OE  VARIOUS  PORTIAITD  CEKEITT  MORTARS. 


Cement  mortar  is  made  of  three  materials- 
cement,  sand,  and  Yra,ter  "but  many  of  those  engaged 
in  construction  work  are  too  ready  to  overlook  and 
to  .under  -  estimate  the  importance  of  the  last  nam- 
ed ingredient.  The  cement  and  sand  proportions  are 
generally  very  carefully  looked  after  though  only 
too  often  the  quantity  of  water  is  looked  upon  as 
a  matter  of  minor  importance,  a  fact  which  is  much 
to  be  deplored. 

In  times  past  the  degree  of  wetness  of 
a  mortar  was  spoken  of  as  its  "plasticity"  and  not 
much  attention  was  paid  to  it.  Cement  mortar  was 
said  to  have  three  degrees  of  "plasticity" t  dry, 
medium,  and  Y;et» 

IVhen  cement  mortar  was  mixed  the  quant- 
ity of  mixing  water  to  he  used  was  left  to  the  dis- 
cretion of  the  man  doing  the  mixing;  the  only  sp- 
ecification made  was  that  the  resulting  mixture 
should  he  diry,  medium,  or  wet»  As  the  resiilts  of 


the  experiments  contained  herein  show  that  the  st- 
rength of  cement  mortar  is  dependent  upon  the  am- 
ount of  water  used  in  its  manufacture ^  it  is  seen 
t'h^t   the  strength  of  the  mortar  was  entirely  dep- 
endent upon  the  lahorer's  conception  of  "dry,  med- 
ium, or  wet"# 

Such  a  conditiom  of  affairs,  regrettahle 
as  it  may  seem, is  quite  the  vogue  to-day  among  not 
only  the  smaller  contractors  hut  also  with  some  of 
the  larger  construction  companies*  Some  of  them 
have  not  as  yet  come  to  recognize  the  necessity  for 
the  regulation  of  the  amount  of  mixing  water  used. 

According  to  Hool  5;  Johnson  in  their 
"Concrete  Engineer's  Handbook"  ,  the  functions  of 
water  in  cement  mortar  are  four  in  number  and  are 
as  follows: 

I.  Water  reacts  chemically  with  the  cem- 
ent to  form  a  binding  material  which  unites  the 
otherwise  non  -  cohering  sand. 

E.  Water  operates  to  flux  both  dissol- 
ved and  undissolved  cementing  substances  over  the 
surfaces  of  the  sand  grains  renering  possible  ex- 
tensive and  close  adhesion  by  carrying  the  subst- 
ances into  the  minute  and  multitudinous  surface 
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irregularities  of  the  particles,  where  they  are  a"b- 
sorhed  as  water  is  later  absorhed  or  evaporated. 

3.  lYater  acts  as  a  lubricant  hetween 
sand  particles  so  that  poacement  of  harsh  and  ir- 
regular materials  in  moulds  and  forms  is  rendered 
easy. 

4.  Water  itself  occupies  space  in  the 
mass* 

WATER  AS  A  CHEMICAL  REAGEUT/ 

The  first  function  of  water  is  basic  and 
is  of  the  greatest  importance  for  without  water  the 
manufacture  of  cement  mortar  would  be  impossible. 
It  is  easily  seen  that  the  use  of  insufficient 
water  would  make  the  reaction  between  the  water  and 
cement  incomplete  and  would  result  in  a  mortar 
which  would  be  materially  reduced  in  strength.  On 
the  other  hand,  the  addition  of  too  much  water 
would  cause  an  undue  dilution  and  the  strength  of 
the  resulting  product  v;ould  be  affected  in  a  manner 
similar  to  'that  of  glue  to  which  an  excess  of  water 
has  been  added. 

The  behavior  of  cement  in  the  process  of 
hardening  and  setting  is  guite  an  interesting  sub- 
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Jeot  and  much  time  and  study  havenbeen  devoted  to 
it  by  some  of  the  foremost  men  in  the  field  of  ex- 
perimental research.  IIo  definite  result,  such  as 
a  simple  chemical  equation  to  explain  the  process, 
has  as  yet  been  given  to  science  and  it  is  quite 
unlikely  that  such  an  expression  will  ever  be  dis- 
covered* 

Due  to  the  fact  that  cement  consists  of 
several  different  materials  which  are  mixed  mech- 
anically the  expression  of  the  process  by  a  simple 
equation  is  further  complicated  because  even  per-^ 
fectly  mixed  cement  may  contain  a  larger  amount  of 
unchanged  material  after  hardening  and  setting. 
A  further  complication  is  introduced  by  the  format- 
ion of  indefinite  colloids.' 

Le  Chatelier,  in  the  course  of  his  exp- 
eriments, found  that  thin  sections  of  hardened 
cement  contained  large  doubly  refracting  crystals 
which  consisted  of  calciron  hydroxide.  Taking  into 
account  the  further  fact  that  the  only  calcium 
silicate  which  is  stable  in  contact  with  water  is 
a  hydrated  form  of  the  metasilicate,  he  looked  up- 
on the  principal  reaction  as  being  the  hydrolysis 
of  a  tricalcium  silicate,  with  the  formation  of 
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caloium  hydroxide  and  hydrated  monocalcium  sili- 
cate. 

The  difficulty  in  the  espression  of  the 
ahove  theory  in  an  equation  was  the  lack  of  know- 
ledge of  the  number  of  materials  of  the  water  of 
crystallization.  le  Chatelier  assumed  a  definite 
figure  hut  since  his  figure  was  only  an  assumpt- 
ion, the  number  of  molecules  of  the  water  of  crys- 
tallization are  best  represented  by  the  figure  x. 
By  so  doing  we  obtain  the  equation: 

SCaOSIOg-f  aq  — *.  CaOSiOgCzJHgO  +  2Ca(0H)2 

It  is  evident  that  only  a  part  of  the 
change  can  be  expressed  by  this  equation  as  the 
aluminates  also  share  in  the  hydration.  They, 
therefore,  were  assumed  to  react  with  the  lime  and 
water  to  form  a  more  basic  aluminate.  This  idea 
of  the  hydralysation  of  Portland  Cement  into  free 
lime  and  "such  compounds  of  lime  with  silica  and 
of  lime  v/ith  alumina  as  can  be  formed  in  a  wet 
way",  had  already  been  made  by  A.  Winkler. 

Prom  the  foregoing  it  will  readily  be 
seen  that  the  chemistry  of  the  action  of  cement 

^  Prom  Desch's  "Chemistry  and  Testing  of  Cement." 
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and  water   is  a  sttbje^jt  v/hioh.  offers  a  wide  field 
for  investigation  and  is  quite  beyond  the  scope 
of  tMs  work. 

WATER  AS  A  ILUZ, 

The  action  of  v/ater  as  a  flttx  whereby 
the  cement  is  brought  into  intimate  contact  with 
the  aggregate  is  to  obTious  to  require  any  ex- 
planation. Such  action,  however,  may  be  serious- 
ly hampered  by  an  ezcess  of  water  or  by  an  in- 
sufficient supply.  If  too  much  water  is  present 
the  solution  may  be  weakened  due  to  a  greater 
separation  of  th6  particles. held  in  suspension. 
ITot  only  is  this  effect  produced  but  also  the 
minute  crevices  and  irregularities  of  the  agg- 
regates may  become  filled  with  the  surplus  water 
and  thus  prevent  the  required  intimate  contact 
with  the  cement. 

If  not  enough  water  is  present  the  cem- 
ent will  not  be  carrued  into  the  minute  irregul- 
arities of  the  aggregate. 
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WATER  AS  A  lUBRICAlTT. 

Water, as  a  ItLbrlesnt  for  cement  mortar. 
Is  one  of  the  excuses  whereby  the  careless  con- 
tractor has  ;3ustified  himself  in  using  it  to  ex- 
cess. 

The  method  of  distribution  of  mortars 
most  in  vogue  on  large  works,  at  the  present  time, 
is  the  scheme  of  chuting  it  from  elevated  towers, 
and  is  dependent  for  its  efficieey  upon  the  ease 
with  which  the  materials  slide  down  the  inclined 
chute  * 

It  is  evident  that  the  addition  of  more 
water  will  proinote  the  efficiency  of  distribut- 
ion but  it  is  very  questionable  as  to  v/hether  the 
contractor  is  justified  in  sacrificing  strength 
for  ease  of  distribution. 

It  should  be  borne  in  mind  that  due  to 
the  action  of  mixingccement  is  constantly  hydra- 
ting  and  large  quantities  of  hydrated  lime  are 
formed  in  the  process  of  hydration.  Tlhe  hydrated 
lime  itself  acts  as  a  lubricant*  In  fact,  the 
value  of  hydrated  lime  as  a  lubricant  to  promote 
the  easy  passage  of  the  mortar  through  the  chute 
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is  becoming  recognized,  and  has  resulted  in  the 
practice  of  adding  small  percentages  of  lime  to 
cement  mixttires  for  the  purpose  of  making  the 
material  slide  more  easily.  Experiments  have 
shovm  that  up  to  a  certain  point  the  addition  of 
small  percentages  of  hydrated  lime  to  cement  mor- 
tars does  not  in  the  least  affect  the  final  str- 
ength. (See  thesis  hy  Zook  and  Zneupfer  "A  Study 
of  the  Effects  Produced  on  Portland  Cement  llor- 
tars  By  the  Addition  of  Various  Percentages  of 
Hydrated  lime".) 

This  would  tend  to  show  that  ease  of 
transportation  should  be  no  excuse  for  the  pres- 
ence of  an  ercess  amount  of  surplus  water. 

WATER  AS  OCCUPTIUG  SPACE  IH  THE  LIASS... 

As  tomthe  fourth  function  of  water,  its 
property  to  occupy  space  in  the  mass,  one  can  al- 
most say  that  it  is  due  to  this  quality  that  the 
final  strength  of  a  mortar  is  impaired. 

When  mortar  is  dumrped  into  a  form  all 
three  constituents,  cement,  aggregate, and  water 
occupy  space.  If  the  form  leaks,  a  thing  which 
should  not  happen,  much  of  the  excess  water  will 
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rtm  off  and  carry  with  it  a  good  portion  of 
the  cement  particles  and  v;ill  form  "laitance", 
of  which  more  will  be  said  later.  The  final 
strength  of  the  material  in  the  forms  will  thus 
"be  materially  weakened  due  tomthe  loss  of  a  part 
of  the  cement. 

If  the  form  does  not  leak,  the  excess 
water  will  he   retained,  and  due  tomits  incomp- 
ressibility  will  occupy  space  in  the  mass.  ^Ihen 
the  forms  are  removed,  the  excess  water  v/ill 
work  its  way  to  the  outside  of  the  piece  much 
after  the  fashion  of  water  seeping  through  a  por- 
ous rock.  Upon  the  loss  of  this  excess  water, 
Toids  will  he  left,  and  instead  of  a  solid  mould- 
ed piece  the  unit  will  be  honeycombed  through- 
out with  small  passages  and  thus  be  material- 
ly weakened • 

There  can  be  no  question  as  to  the 
fact  that  water  voids,  formed  by  excess  water, 
are  the  chief  causes  for  porosity  in  a  mortar. 
These  voids,  which  at  one  time  contained  v;ater, 
become  passageways  and  traps  for  penetrating 
and  percolating  waters,  thus  making  a  "water- 
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proof"  mortar  impossible. 

Another  effect,  due  it  part  to  excess 
water,  is  the  existence  of  so-called  "shrinkage 
cracks".   They  are  of  a  general  type  and  so  im- 
iversal  as  to  he  viewed  hy  the  majority  either 
with  eyes  unseeing  or  with  the  contempt  that 
comes  with  familiarity.  Their  importance,  both 
as  a  condition  and  an  indicator  of  internal  pro- 
cesses is,  however,  not  to  be  underestimated. 

Shrinkage  cracks  are  of  a  general  type, 
as  shown  in  Pig.  2,  irregular  in  line,  and  rad- 
iating from  a  common- center,  usually  a  pore  of 
greater  or  less  size.  This  is  to  be  expected 
inasmuch  as  a  pore  is  at  least  a  possible  point 
of  egress  for  water. from  the  mass  immediately 
surrounding.  Further,  flow  is  freest  from  such 
an  ppen  center  so  that  under  evaporation  or  other 
processes  it  soon  becomes  a  point  of  dryness; 
and  inasmuch  as  it  is  already  a  point  of  weakness,. 
relief  planes  radiate  from  it  gradually  as  the 
drying  pro ceedsi inward,  until  shrinkage  stress- 
es are  balanced  by  internal  resistance. 


■^*  From  Hool  Sc   Johnson's -Concrete  Jagiaeer's 

Handbook". 
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Proof  of  the  existence  of  these  voids 
Is  quite  apparent  to  anyone  who  has  ever  placed 
moulded  specimens  in  water.  If,  immediately  after 
placing  the  piece  in  water,  it  is  removed  and 
helf  close  to  the  ear,  a  sucking  soujid  will  be 
noticed.  This  is  due  to  the  displacement  of  the 
air  in  the  voids  "by  the  water.  Por  further 
treatment  of  this  subject  of  voids  the  reader  is 
referred  to  Chapter  YIl  where  photomicrographic 
illustrations  are  included. 

EFFECT  OF'FHOST  AITD  GOITCRSTHTG  III  GOLD  I7EATHER. 

The  presence  of  these  voids  in  art- 
icles manufactured  of  cement  mortar  which  are 
exposed  to  the  elements,  such  as  cement  benches, 
posts,  or  ornamental  work,  are  really  dangerous 
in  that  they  subject  the  pieces  to  the  same  • 
risks  as  is  encountered  by  any  porous  rock  due 
to  frost  disruption. 

Concreting  in  cold  weather,  which  is 
always  hazardous,  is  made  moi"e  so  by  the  pres- 
ence of  too  much  water.  The  production  of  cement- 
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ing  strength  due  to  the  action  of  the  water 
with  cement  has  been  found  to  be  only  one- 
fourth  as  rapid  at  40  degrees  F.  as  at  50 
degrees  ¥,,   and  less  than  one-ninth  as  rapid 
as  at  70  degrees  ?♦  Since  the  speed  of  reaction 
is  so  materially  decreased  by  lower  temperat- 
ures, it  is  not  i.'.probable  that  some  of  the 
Tsater  may  freeze  before  the  reaction  is  com- 
pleted. 

Materials  poured  and  subjected  to  the 
above  conditions  cannot  develope  even  a  small 
part  of  their  calculated  strength,  and  when  the 
forms  are  removed  and  warm  weather  sets  in  no- 
thing can  result  except  complete  collapse.  V/hen 
pouring  must  be  done  in  cold  v/eather,  as  is 
often  necessary  on  construction  work  which  must 
be  completed  irrespective  of  the  seasons,  the 
amount  of  water  used  in  mising  is  quite  as  im- 
portant, in  the  final  analysis,  as  is  the  am- 
ount of  cement. 
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LAITAITCE . 

One  of  the  most  corEion  effects  due  to 
the  presence  of  excess  water  in  cedent  mortar 
is  the  formation  of  what  is  known  as  "laitanee". 

laitance  is  a  material  of  womev/hat 
the  same  chemical  composition  as  normal  Port- 
land cement  escept  for  its  larger  loss  on  ig- 
nition. It  consists  largely  of  amorphous  mater- 
ial of  an  isotropic  nature;  that  is,  it  does 
not  affect  polarized  light.  It  has  practically 
no  setting  qualities.  A  chemical  analysis  by  LIr. 
Clifford  Richardson,  taken  from  Taylor  &   Thomp- 
son's "Concrete,  Plain  8a   Reinforced",  is  given 
below: 

SiOg  16.00  fa 

Al  Og  and  FcgOg 8.66 

Ca  0  47.40 

1%  0  2.40 

loss  on  ignition 2S.60 

laitance  is  particularly  noticable 
in  the  construction  of  retaining  walls  or  tanks 
v/here  pouring  has  been  stopped  before  the  moulds 
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were  filled  and  then  another  layer  of  material 
placed  to  fill  the  moulds.  It  makes  its  app- 
earance as  a  whitish  or  light-colored  line 
marking  the  plane  to  which  the  mould  v;as  first 
filled.  Such  jnarks  or  lines  are  called  "day's 
work  planes".  They  are  caused  by  the  heavier 
materials  sinking  to  the  bottom  of  the  forms 
and  forcing  to  the  surface  the  lighter  solution 
of  cement.  It  should  be  remembered  that  it  is 
not  possible  to  secure  a  bond  between  new  mor- 
tar and  old  mortar  which  is  covered  by  a  layer 
of  laitance. 

CEI^ITT  FIOORS  AKD  ;7AIKS. 

In  the  laying  of  cement  floors  and 
walks,  the  percentage  of  water  used  is  of  ex- 
treme importance.  If  excess  water  is  used,  the 
lighter  materials  will  rise  to  the  top  and 
form  a  challcy,  easy-wearing  surface  which  is 
easily  broken  down.  It  must  be  born  in  mind 
that  the  surface  of  a  floor  should  be  the  tough- 
est and  most  resistant  part,  and  the  amount  of 
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water  used  when  mixing  the  cement  should  there- 
fore be  Just  enough  to  produce  a  workable  mix. 

COUCLUSIOir. 

The  topic  of  consistency  resolves  it- 
self into  a  matter  of  dollars  and  cents.  The 
man  who  willfully  neglects  such  an  important 
factor  as  consistency  is  not  securing  the  great- 
est strength  from  his  cement  and  is  t?ierefore 
losing  money.  It  ie  certainly  more  economical 
to  uce  the  full  strength  of  a  mortar  rather  than 
to  waste  a  good  part  of  it  by  the  use  of  too 
much  water  in  mixing. 

The  reply  of  construction  men  to  those 
who  advise  them  against  using  too  much  water  in 
mixing  is  that  the  factor  of  safety  ie  large, 
that  the  unit  stresses  are  low»  and  that  the 
present  mode  of  distribution  on  the  Job  is  the 
most  economical  yet  devised.  Is  it  no  possible, 
however,  that  by  using  a  differ  nt  method  of 
distribution  whereby  the  correct  percentage  of 
water  could  be  used,  the  greater  cjtrength  result- 
ing therefrom  would  offset  the  increased  cost? 


\ 
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Is  it  entirely  ImpossilDle  that  if  such  a  thing 
■became  general  practice  the  unit  stresses 
would  eventually  he  increased,  thus  permitting 
the  use  of  less  material? 

It  is  something  to  think  ahout.  St- 
ranger things  have  happened. 


CHAPTER  II 


DISPOSITION  OP  MATERIAIS 
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DELIVSRT 

The  cement  and  sand  used  in  this  work 
was  purchased  in  the  open  market  in  Chicago.  V/hen 
ordering  the  sand  no  specification  was  made  ex- 
cept that  commercial  torpedo  sand  he  furnished* 
^.Then  the  sand  was  received,  it  was  very  wet  and 
the  particles  ranged  in  size  from  1/2"  in  diam- 
eter to  dust  which  would  pass  a  ITo.  200  sieve. 
Some  stones  as  large  as  2"  in  diameter  v/ere 
found  to  be  included. 

The  cement,  of  which  six  sacks  v;ere 
purchased,  was  manufactured  hy  the  Marcuette 
Cement  Mfg.  Co.   It  was  delivered  on  a  cloudy 
day  and  carried  directly  from  the  truck  into  the 
laboratory  and  placed  on  the  dry  concrete  floor. 
The  sis  sacks  were  mixed  in  the  following  manner  to 
obtain  one  "average  cement". 

METHOD  OP  OBTAIIIIITG  "AYERAGE  CEIIEITT" 

The  six  sacks  were  separated  into  two 
groups  of  three  sacks  each.  One  sack  from  each 
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group  was  spread  to  cover  about  nine  square  feet 
of  dry  cement  floor.  Then  a  second  "bag  from  each 
group  was  spread  over  the  contents  of  the  first, 
and  the  third  spred  over  the  contents  of  the  sec- 
ond* Each  group  was  thoroughly  mixed  hy  heing 
turned  several  times  with  a  dry  shovel,  and  then 
the  two  groups  were  mized  with  each  other. 

Sis  samples  were  taken  from  six  diff- 
erent points  of  the  "average  cement"  as  it  lay  on 
the  mixing  floor  and  were  used  in  making  the  pre- 
liminary tests.  These  samples  were  stored  in  well 
corked  glass  containers.  After  the  test  samples 
were  taken  out,  the  remainder  of  the  cement  was 
Immediately  placed  in  water-tight,  metal  storage 
"bins. 

PR2LIIJIMRY  THEATMEIIT  OF  SAl^TD 

Before  use,  the  sand  was  firstsscreened 
to  pass  a  nxmber  4  sieve.  It  was  then  laid  on 
zinc  topped  tables  in  one- inch  layers  and  left  to 
dry  for  three  days  at  a  temerature  ranging  from 
60  to  70  degrees  P.  Host  of  the  moisture  was  dr- 
iven off  in  this  manner  as  was  indicated  by  the 
large  amount  of  dust  which  arose  when  the  sand 
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was  disturbed.  Six  batches  of  sand  were  screened 
and  dried  in  this  manner  and  a  sample  taken  from 
each  batch  to  be  used  in  making  the  various  tests 
as  outlined  in  chapter  III. 

In  Fig.  ?,  page  20,  is  shown  an  illus- 
tration of  the  sand  used  in  the  tests  ,  after 
screening  and  drying. 

DSTSEMIIJATIOIT  OF  WEIGHT  PER  CUBIC  UlTIT 

Immediately  after  being  received,  the 
weight  per  cubic  centimeter  of  both  sand  and  cem- 
ent was  determined  in  orderrthat  the  percent  of 
water  used  in  mixing  might  be  expressed  for  both 
proportions  by  weight  and  by  volume. 

For  this  determination  the  apparatus 
shown  in  Fig.  4,  page  21  was  used.  This  consists 
of  a  lippless  glass  beaker  of  approximately  450 
cubic  centimeters  capacity,  two  12"  x  12"  glass 
plates  each  arranged  at  an  angle  of  45  degrees 
with  the  vertical  and  perpendicular  to  each  other, 
and  one  ITo.  4  sieve  for  sand  ,  and  one  Fo.  50 
sieve  for  cement. 

The  material  was  placed  in  the  sieve 
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and  tlie  sieve  suspended  over  the  trpper  glass 
plate.  When  the  sieve  was  agitated  the  materia 
came  through  and  was  deposited  upon  the  upper 
glass  plate.  The  velocity  of  fall  vms   thus  iAter- 
cepted,  the  material  sliding  down  the  smooth  glass 
plane  and  falling  upon  the  lower  plate.  Here  the 
velocity  of  fall  was  again  intercepted,  the  mat- 
erial slid  slowly  dowB  the  second  glass  plane 
and  fell  into  the  heaker.  'Then  the  heaker  was  fill- 
ed, the  material  was  leveled  by  drawing  a  straight 
edge  across  the  top. 

Checking  the  .velocities  of  the  part- 
icles hy  means  of  the  glass  planes  caused  the  mat- 
erials to  slide  slowly  down  the  planes  and  to 
drop  equal  distances  with  very  nearly  the  same 
speeds.  This  caused  the  particles  to  separate 
ftom  each  other  and  prevented  the  formation  of 
large  voids  in  the  beaker  which  may  have  occ- 
ured  if  the  particles  had  been  allowed  to  become 
concentrared.  It  also  tended  to  eliminate  uneven 
packing  in  the  beaker  due  to  having  some  parti- 
cles projected  into  it  with  greater  force  than 
others  and  thus  was  the  means  of  obtaining  some- 
thing near  a  constsnt  when  filled  beakers  of  the 
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same  materials  were  weighed. 

The  Gtibic  capacity  of  the  heaker  was 
ohtained  as  follows:  the  bealrer  was  weighed,  fill- 
ed with  water,  and  weighed  again.  Since  water  at 
20  degrees  C.  weighs  one  gram  per  cuhie  centimeter, 
the  difference  in  the  two  weighings  would  give 
the  cubic  capacity  of  the  heaker. 

In  Table  I,  page  24,  are  shown  the  re- 
sults of  twelve  weighings  from  which  the  follow- 
ing averages  were  obtained: 

Weight  of  emptybbeaker  71.0  gr. 

Weight  of  beaker  of  water  540.1  gr. 

Weight  of  beaker  of  sand 84S.5  gr. 

Weight  of  beaker  of  cement 587*5  gr. 

From  the  above  figures  the  capacity  of 
the  bealier  and  the  weights  per  cubic  centimeter 
of  the  materials  were  calculated  as  shown  below. 

Capacity  of  beaker  is  egizal  to  540.1 
minus  71.0  or  469.1  cubic  centimeter  , 

Weight  per  cubic  centimeter  of  sand  is 
equal  to  1.79  gr.  per  cubic  cent'ter» 
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T/eight  per  cubic  centimeter  of  cement 
is  equal  to  1.25  grams. 

The  weights  per  cuhic  centimeter  of 
sand  and  cement  were  calculated  hy  the  following 
formula : 


T7  -   C 


Where : 

W  -  Weight  per  cuhic  centimeter.  • 

\=   Weight  of  filled  beaker,  in  grams. 

Wg=~Weightnof  empty  beaker, in  grams. 

C  =  Capacity  of  beaker  in  cubic  centimeters. 
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Preceding  the  making  and  testing  of 

the  specimens  from  which  the  conclusions  in  Chapt- 
er YII  were  drawn,,  the  follov;ing  preliminary 
tests  were  made: 

On  Cement. 
I,  Specific  Gravity. 
£.  Fineness. 

3.  normal  Consistency. 

4.  Soimdness. 

5.  Time  of  Set. 

On  Sand. 

1.  Sieve  Analysis. 
E.  Impurities. 

2.  Percent  of  Voids. 
4.  Specific  Gravity. 

In  making  these  preliminary  tests,  the 
specifications  of  the  American  Society  for  Testing 
iiaterials  were  followed  as  closely  as  possible, 
and  where  any  deviation  from  these  specifications 
was  made,  the  changes  were  carefully  noted. 

To  the  best  of  the  writer's  knowledge. 


/ 
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no  standard  tests  for  sand  have  as  yet  "been  off- 
icially adopted  "by  the  American  Society  for 
Testing  Hater ials.  The  sand  tests  included  Herin, 
though  not  standard,  have  proved  to  be  very  sat- 
isfactory, and  in  lieu  of  any  other  definite 
methods  od  laboratory  procedure,  are  used. 


CHAPTER  III 


PESIHaiMSY  TESTS 
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IIST  OF  APPAHATUS  USED    IJT  PRELIMIITARY   TESTS 

Standard  Apparatus  for  Accelerated  Soundness  Tests. 

Howard  and  Horse  Testing  Sieve  Agitator. 

ITest  of  nine  Sieves.    (Uos.    10,    20,   30,   40,   50, 

60,  GO,  100,  230) 

ITest  of  two  Sieves,  (llos.  100,  200) 

Weighing  Scales. 

Set  of  '.Veights.  (I  kg.  to  .01  gr.) 

Vioat  Apparatus. 

Gillmore  ITeedles. 

le  Chatelier  Apparatus* 

Thistle  Tube. 

250  c.c.  Glass  Graduate. 

100  c.c.  Glass  Graduate. 

12  oz.  Graduated  Prescription  Bottle. 

Glass  Plates. 

Trowel.  (4  inch.) 
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A  typical  chemical  analysis   of  the  cem- 
ent Tised,    furnished  "by  LIr.   Dickinson,   of  the 
Llarquette   Cement  Ilfg.    Co.,   is  given  below. 

Si   Og    22.26>S 

Jeg  Og Z*B&fo 

Alg   O3    7.75^ 

Ga  0    62.21-;^ 

Mg  0    1.70}^ 

SO3    ,.•  1.80^ 

loss  on  Ignition 0.86p 

Total 99.44^ 

Insoluble  Residue  0.25^ 


SPECIPICATIpUS 

FOR 

CEMEITT   TESTS 
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SPECIFIC  GEAYITY 

APPARATUS : 

The  determination  of  specific  gravity 
shall  be  made  with  the  standard  le  Chatelier 
apparatus  shown  in  JFig»  5,  page  31.  This  ap- 
paratus is  standardized  hy  the  U.S.  Bureau 
of  Standards.  Kerosene,  free  from  water,  or 
"benzine  not  lighter  than  62  degrees  Baume 
shall  "be  used  in  making  this  determination. 

METHOD: 

The  flask  shall  he  filled  with  the  liquid  ■ 
to  a  point  on  the  stem  bet\7een  zero  and  the 
I  c.c.  mark  and  64  grams  of  cement,  of  the 
same  temperature  as  the  liquid,  shall  he 
slowly  introduced,  taking  care  that  the  cem- 
ent does  not  adhere  tonthe  inside  of  the 
flask  above  the  liquid  and  tonfree  the  cem- 
ent from  air  by  rollin  the  flask  in  an  in- 
clined position.  After  all  the  cement  is 
introduced  the  level  of  the  liquid  will 
rise  to  some  division  of  the  graduated  neck; 
the  difference  between  readings  is  the  vol- 
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5  cm 


LE  CHATELIER  APPARATUS. 


Fig.  5 
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ume  displaced  by  64  grams  of  cement.  She  spe- 
cific gravity  shall  then  he  obtained  from 
the  formula: 

T7eight  of  Cement.  (In  gr.) 

Specific  Gfravity  =  — — 

Displaced  Volume.  (In  g/c») 

The  flask,  during  the  operation,  shall 
he  immersed  in  VTater,  in  order  to  avoid  var- 
iations in  the  temperature  of  the  liquid  in 
the  flask,  which  should  not  esceed  0.5  degree 
Centigrade.  The  results  of  repeated  tests 
shall  agree  within  0»0I. 

The  determination  of  specific  gravity 
shall  he  made  on  the  cement  as  it  is  receiv- 
ed; if  it  falls  helow  3.10  a  second  determ- 
ination shall  he  made  after  igniting  the 
sample . 

PIKEIIESS 

APPARATUS : 

Wire  cloth  for  standard  sieves  for  cem- 
ent shall  be  woven  (not  twilled)  from  brass 
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tronze,  or  other  suitable  wire,  and  mounted 
without  distortion  on  frames  not  less  than 
one  and  one-half  (I  -  1/2)  inch  below  the 
top  of  the.  frame.  The  sieve  frames  shall  be 
circular,  approximately  8  inches  In  diameter 
and  may  be  provided  with  a  pan  and  a  cover. 
A  standard  ITo.  200  sieve  is  one  having 
nominally  an  0.0029  inch  opening  and  200 
wires  per  inch  standardized  by  the  U.  S. 
bureau  of  standards,  and  conforming  to  the 
following  requirements: 

The  JTo.  200  sieve 
should  have  200  wires  per  inch  and  the  num- 
ber of  wires  in  any  whole  inch  shall  not  be 
outside  the  limits  of  192  to  208.  no  open- 
ing between  adjacent  parallel  wires  shall 
be  more  than  0.0050  inches  in  width.  The 
diameter  of  the  wire  should  be  0.0021  inches 
and  the  average  diameter  shall  not  be  out- 
side the  limits  0.0019  to  0.0023  inches. 
The  value  of  the  sieve  as  determined  by 
sieving  tests  made  in  conformity  with  the 
standard  specifications  for  these  tests  on  a 
standardized  cement  which  gives  a  residue 
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of  25  to  20  percent  on  the  ITo.  200  sieve 
or  on  any  other  similarly  graded  material » 
shall  not  show  a  variation  of  more  than 
I»5  percent  ahove  or  "below  the  standards 
maintained  at  the  U.  S.  Bureau  of  Standards. 

IHBTHOD: 

The  test  shall  be  made  with  50  grams  of 
cement,  the  sieve  shall  he  thoroxighly  clean 
and  dry.  the  cement  shall  he  placed  on  the 
Ho.  200  sieve  with  the  pan  and  cover  attach- 
ed if  desired,  and  shall  he  held  in  one 
hand  in  a  slightly  inclined  positionso  that 
the  sample  v;ill  be  well  distributed  over  the 
sieve,  at  the  same  time  gently  striking  the 
side  about  150  times  per  minute  against  the 
palm  of  the  other  hand  on  the  up  stroke,  the 
sieve  shall  be  turned  every  25  strokes  about 
one-sixth  (l/s)  of  a  revolution  in  the  same 
direction,  the  operation  shall  continue 
until  not  more  than  0.05  gram  passes  through 
in  one  minute  of  continuous  sieving,  the  fine- 
ness shall  be  determined  from  the  weight  of  the 
residue  on  the  sieve  expressed  as  a  perent- 


age  of  the  weight  of  the  original  sample ► 
Mechanical  sieving  devices  may  he   used  hut 
the  cement  shall  not  he  rejected  if  it  meets 
the  fineness  requirement  when  tested  tj   thhe 
hen  method  described* 

PEHLIISSIBia  VARIATIOU: 

A  permissible  variation 
of  one  will  he   allowed,  and  all  results 
in  excess  of  the  specified  limit  but  with- 
in this  permissible  variation  shall  be  re- 
ported as  22  Percent. 

DEVIATIOIT  mOU   SPECIFICATIOITS : 

After  the  deter- 
mination of  fineness  as  outlined  above,  the 
residue  on  the  Ho.  200  sieve  was  placed  on 
a  ITo.  100  sieve  and  the  operation  repeat- 
ed, the  weight  of  the  residue  on  the  Ho. 
100  sieve  was  then  expressed  as  a  percent- 
age of  the  weight  of  the  original  sample. 

UJXim    CEMEIIT  PASTES  AM)   MORTARS 
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METHOD: 

The  quantity  of  dry  material  to  "be  mixed 
at  one  time  shall  not  exceed  1000  grams  or 
he  less  than  500  grams.  The  proportions  of 
cement  or  cement  and  sand  shall  be  stated 
hy  weight  in  grams  of  the  dry  materials; 
the  quantity  of  water  shall  be  expressed 
in  cubic  centimeters.  (1  c.c.  of  water  = 
1  gram.)  The  dry  materials  shall  be  v;eigh- 
ed,  placed  upon  a  non-absorbent  surface, 
thoroughly  mixed  dry  if  sand  is  used  and  a 
crater  formed  in  the  center,  into  which  the 
proper  percentage  of  clean  water  shall  be 
poured;  the  material  on  the  outer  edge  shall 
he  turned  into  the  crater  by  the  aid  of  a 
trowel.  After  an  interval  of  one-half  (i/e) 
minute  for  the  absorption  of  water  the 
operation  shall  be  completed  by  continu- 
ous, vigorous  mixing,  squeezing  and  laiead- 
ing  with  the  hands  for  at  least  one  minute. 

The  temperature  of  the  room  and  the 
mixing  water  shall  be  maintained  as  nearly 
as  possible  at  21  degrees  C.  (70  degrees  P.) 
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lOHMAI  GOirSISTEirGY 


APPARATUS : 

The  Vicat  Apparatus,  Fig.  6,  page  38, 
Qonsists  of  frame  A  bearing  a  movable  rod  B 
weighing  300  grams,  one  end  C  being  one  cm. 
in  diameter  for  a.  distance  of  6  cm.,  the  other 
having  a  removahle  needle  D,  I  mm.  in  diameter, 

6  cm.  long.  The  rod  is  reversible  and  can  be 
held  in  any  desired  position  by  a  screw  E,  and 
has  midway  between  the  ends  a  mark  F  which 
moves  under  a  scale  (graduated  to  millim- 
eters) attached  to  the  frame  A.  The  paste 

is  held  in  a  conical  hard  rubber  ring  G, 

7  cm.  in  diameter  at  the  base,  4  cm.  high, 
resting  on  a  glass  plate  H  about  10  cm. 
square. 

METHOD: 

In  making  the  determination,  500  grams 
of  cement,  with  a  measured  quantity  of  wat- 
er, shall  be  Imeaded  into  a  paste  as  des- 
cribed before,  and  quickly  formed  intona 
ball  with  the  hands,  completing  the  oper- 
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ation  by  tossing  it  sis  tines  from  one 
hand  to  the  other,  maintained  about  sis 
inches  apart;  the  ball  resting  on  the  palm 
of  one  hand  shall  be  pressed  into  the  larg- 
er end  of  the  rubber  ring  held  in  the  other 
hand,  completely  filling  the  ring  with  paste; 
the  escess  at  the  larger  end  shall  then  be 
removed  by  a  single  movement  of  the  palm 
of  the  hand;  the  ring  shall  then  be  placed 
on  its  larger  end  on  a  glass  plate  and  the 
excess  paste  at  the  smaller  end  sliced  off 
at  the  top  of  the  ring  by  a  single  oblique 
stroke  of  the  trowel  held  at  a  slight  angle 
with  the  top  of  the  ring.  During  these  op- 
erations care  shall  be  taken  not  to  com- 
press the  paste.  The  paste  confined  in  the 
ring,  resting  on  the  plate,  shall  be  plac- 
ed under  the  rod,  the  larger  end  of  which 
shall  be  brought  in  contact  with  the  sur- 
face of  the  paste;  the  scale  shall  then 
be  read  and  the  rod  quickly  released.  The 
paste  shall  be  of  normal  consistency  when 
the  rod  settles  to  a  point  10  MM.  belov/ 
the  original  surface  in  one-half  fl/2) 
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minute  after  "being  released.  Ihe  apparattts 
shall  "be  free  from  all  vibrations  during 
the   test.  Trial  pastes  shall  he  made  with 
varying  percentages  oof  water  until  the 
normal  consistency  is  obtained.  The  amount 
of  water  equired  shall  he  expressed  in 
percentage  by  weight  of  the  dry  cement. 

The  consistency  of  standard  mor- 
tar shall  depend  upon  the  amount  of  water 
require*  toproduce  a  paste  of  normal  con- 
sistency frola  the  sample  of  cement.  Hav- 
ing determined  the  normal  consistency  of 
the  sample,  the  consistency  of  standard 
mortar  made  from  the  same  sample  shall  be 
as  indicated  in  Table  2,  page  40. 

The  values  given  in  Table  40  are 
in  percentage  of  the  combined  dry  weights 
of  cement  and  standard  sand. 

DETEmmTATioir  OF  somrouEss 

APPiSATUS: 

A  steam  apparatus  which  can  be  main- 
tained at  a  temperature  between  98  and 
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100  degrees  Centigrade  or  one  similar  to 
that  shown  in  Fig.  7,  page  42,  is  reo- 
commended.  The  capacity  of  this  apparatus 
may  he  increased  hy  using  a  rack  for  hold- 
ing the  pets  in  an  inclined  or  vertical 
position* 

METHOD; 

A  pat  from  cement  paste  of  normal  con- 
sistency ahout  three  inches  in  diameter, 
one-half  il/z)    inch  thick  at  the  center, 
and  tapering  to  a  thin  edge  shall  he  made 
on  clean  glass  places  «»hout  4  inches  squ- 
are, and  stored  in  moist  air  for  24  hours. 
In  moulding  the  pat,  the  cement  paste 
shall  first  be  flattened  on  the  glass  and 
the  pat  then  formed  by  drawing  the  trowel 
from  the  outer  edge  towards  the  center. 

The  pat  shall  then  be  placed  in  an 
atmosphere  of  steam  at  a  temperature  be- 
tween 98  and  100  degrees  Centigrade  upon 
a  suitable  support  one  inch  above  boiling 
water  for  5  hours. 

Should  the  pat  leave  the  plate,  dis- 
tortion may  be  best  detected  with  a  str- 
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aight-edge  applied  to   the  stcrface  which  was 
in  GontaGt  with  the  plate. 

DETEBMIMriOU  OP  THE  OP  SETTIITG 

The  following  are  alternate  methods, 
either  of  which  may  he  used  as  ordered: 

TICAT  APPARATUS: 

The  time  pf  setting  shall  he  de- 
termined hy  means  of  the  Vicat  Apparatus 
as  described  before  and  as  illustrated  in 
Pig.  6,  page  58. 

YICAT  IIETHOD: 

A  paste  of  normal  consistency  shall 
be  moulded  in  the  hard  rubber  ring  G  as  des- 
cribed before,  and  placed  under  the  rod  B, 
the  smaller  end  of  which  shall  be  carefully 
brought  into  contact  with  the  surface  of 
the  paste,  and  the  rod  quickly  released. 
The  initial  set  shall  be  said  to  have  occur- 
red when  the  needle  ceases  to  pass  a  point 
5  mm.  above  the  glass  plate  in  one-half 
fl/2)  minute  after  being  released;  and  the 
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final  set,  wlien  the  needle  does  not  sink 
visibly  into  the  paste.  The  etst  pieces 
shall  be  kept  in  moist  air  during  the  test. 
This  may  be  accomplished  by  placing  them 
ina  rack  over  water  containedb  in  a  pan 
and  covered  with  a  damp  cloth,  kept  from 
contact  with  them  by  means  of  a  wire  screen; 
or  they  may  be  stored  in  a  moist  closet* 
Care  shall  be  taken  to  keep  the  needle 
clean,  as  the  collection  of  cement  on  the 
sides  of  the  needle  retards  penetration, 
while  cement  on  the  point  may  incFeaeethe 
penetration.  The  time  of  setting  is  aff- 
ected not  only  by  the  percentage  and  tem- 
erature  of  the  water  used  and  the  amount 
of  kneading  the  cement  receives,  but  also 
by  the  temperature  and  humidity  of  the  air, 
and  its  determination  is  therefore  only 
approximate. 

GIiniOEE  HEEDIES: 

The  time  of  setting  shall  be 
determined  by  the  §-lllmore  needles.  The 
Gillmore  needles  are  shown  in  Pig.  8,  page 
45,  and  should  preferably  be  mounted  as  illus- 
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trated. 

GIIHiOHE  METHOD: 

Tlie  time  of  setting  shall  be  de- 
termined as  follows:  A  pat  of  neat  cement 
paste  about  3  inches  in  diameter,  and  one- 
half  (1/2)  Jnch  in  thiclniess  with  tapering 
edges  and  a  flat  top,  mixed  to  normal  con- 
sistency, shall  be  kept  in  moist  air  at  a 
temperature  maintained  as  nearly  as  prac- 
ticable at  21  degrees  Centigrade  (70  deg- 
rees P.)  The  cement  shall  be  considered  to 
have  acquired  Its -Initial  set  when  the  pat 
will  bear,  withottt  apprecible  indentation, 
the  Gillmore  needle  one-twelfth  (l/l2)  inch 
in  diameter,  loaded  to  weigh  one-fourth 
(1/4)  pound.  The  final  set  has  been  acquir- 
ed when  the  pat  will  bear  ,  without  appre- 
cable  indentation,  the  Gillmore  needle 
one -twenty- fourth  (l/24i  inch  in  diameter, 
loaded  to  weigh  one  pound.  In  making  the 
test,  the  needles  shall  be  held  in  a  ver- 
tical position,  and  applied  lightly  to 
the  surface  of  the  pat. 


SPECIFIGATIOlSrS 
FOR 

SAITD  TESTS 
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SJEYK  AIIAIYSIS 

APPARATUS: 

The  apparatus  used  in  malring  the  sieve 
analysis  shall  be  a  testing  sieve  agitator 
similar  to  that  shown  in  ?igt  9,  page  48. 
It  may  be  either  hand  or  mechanically  op- 
erated. The  sieves  used  shll  be  nine  in  - 
number  and  of  the  sizes  and  openings  as 
given  in  fable  3,  page  49.  All  v/eighing 
shall  be  done  on  an  ordinary  laboratory 
scale* 

MSTEOD: 

The  sample  to  be  tested  shall  consist  of 
500  grams  of  sand.  All  weights  shall  be  to 
the  nearest  0»I  gram.  The  testing  sieves 
shall  be  arranged  in  the  follov/ing  order 
with  the  Fo.  10  sieve  on  the  top;  Fos. 
10,  20,  $0,   40,  50, 60,  80,  100,  200.  The 
500  gram  sample  shall  be  placed  on  the  Uo. 
10  sieve,  A  cover  placed  on  the  sieve,  and 
the  nest  of  sieves  placed  in  the  testing 
sieve  agitator  which  shall  be  rotated  at 
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TAfatE  3 


s/Z£3  or  s/Ei/'e  o^^n/nqs. 

A/C/MB£fi. 

fi/AAf£r£-y?  0/^ 

//VCH£S 

/O 

O.OT^S 

20 

aos^ 

30 

o.o^z 

/^o     • 

0.0/S- 

so 

a.o// 

60 

0.009 

30 

0.007 

/oo 

o.oo^s- 

zoo 

QoaZ'/S' 
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the  rate  of  approximately  100  H.P.Li»  for 
fifteen  minutes.  The  residue  on  each  sieve 
and  the  amount  passing  eaoh  sieve  shall  "be 
expressed  tj   weight  as  a  percentage  of  the 
weight  of  the  original  sample. 

TEST  ?0E  ORGAjnC  IHPURITISS 

APPARAIITS : 

The  apparatiis  used  in  the  test  for  or- 
ganic impurities  shall  be  a  12  oz.  graduat- 
ed prescription  bottle  end  a  sufficient 
stoclr  of  a  three  percent  solution  of  sodium 
hydroxide  made  by  dissolving  I  oz.  of  sod- 
ium hydroxide  in  enough  \7ater  to  make  32  oz» 

METHOD: 

The  method  used  shall  be  the  Abrams-Harder 
Field  Test  for  Organic  Impurities  in  Sands. 
Pill  a  12  02.  graduated  prescription  bottle 
to  the  Pour  and  one-half  (4-l/2)  oz.  mark 
with  the  sand  to  be  tested.  Add  the  Three 
percent  solution  of  sodium  hydroxide  until 
the  volume  of  the  sand  and  solution,  after 
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shaking,  anounts  to  7  oz.  Shake  tliorourhly 
and  allov;  to  stand  for  £4  hours.  Observe  the 
color  of  the  clear  liquid  ahove  the  sand 
and  comyate  with  the  color  chart  shovm  in 
Pig.  13,  page  52. 

EESCSITT  OP  VOIDS 

APPARATUS :. 

The  percent  of  voids  shall  'e  deter- 
mined by  means  of  a  graduated  cylinder, 
about  one  inch  in  diameter  and  having  a 
capacity  of  over  100  cc,  the  height  of 
the  ciT-linder  not  to  erceed  8  inches. 

LIETHOD : 

A  laiovm  quantity  of  water  shall  be  pour- 
ed into  the  graduate  and  a  reading  taken. 
Lloisture  free  sand  shall  be  slov/ly  admitted 
to  the  vessel  in  increments  of  about  one- 
half  (1/2)  inch  and  each  increment  shall  be 
compacted  by  gently  stripling  the  c;-iinder 
three  times  on  a  one-half  (1/2)  inch  thick 
pad  composed  of 
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several  layers  of  felt  or  cloth. 

The  sand  shall  he  introduced'  until  the 
surface  of  the  water  and  sand  in  the  vessel 
are  at  the  same  level.  The  amount  of  sand  u 
used  shall  be  determined  by  reading  the  height 
of  the  surface  of  the  sand  in  the  vessel. 
The  percent  of  voids  in  the  sand  shall  be 
expressed  by  the  follov/ing  formula: 

W 

Y  =  f  rioo) 

Where : 

Y  -  Percent  of  vodds. 

W  =  Tolume  of  v/ater,    in  cc. 

S  =  Yolume  of  sand,    in  cc. 

SPECIPIO  GKAYITY 

APPAEATITS : 

The  specific  gravity  of  the  sand  shall 
be  detremined  by  means  of  a  graduated  cyl- 
inder, about  one  inch  in  diameter  and  hav- 
ing a  capacity  of  over  100  cc,  the  height 
of  the  cylinder  not  to  exceed  8  inches. 
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METHOD : 

The  graduate  shall  be  partly  filled  with 
water  and  the  height  of  the  column  of  water 
read.  Fifty  grains  of  moisture- free  sand  shall 
then  be  admitted  to  the  vessel,  care  being 
taken  to  permit  the  escape  of  air,  and  the 
height  of  the  column  of  water  again  read. 
The  specific  gravitybof  the  sand  shall  be 
expressed  by  the  following  formula: 


S 

S.  G.  -  Tr 


V/here: 

S.  G.  -  Specific  Gravity. 

S.  =  7/eight  of  sand,    in  grams. 

?/»  =  Weight  of  v/ater  displaced,    in  gr. 
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HSSITLTS   OF  PREIIMIMRY  TESTS 

On  page  56  is  given  Table  4,  showing 
the  results  of  the  preliminary  tests  on  cement. 

Table  5,  page  57,  is  shown  the  results 
of  the  sand  analysis. 

Curve  I,  on  page  58,  is  a  graphical 
illustration  of  a  part  of  Table  5.  Diameters  of 
particles  passing  the  sieves, as  ordinates.are 
plotted  against  percentage  passing  a  given  sieve, 
as  abscissae. 

Below  are  given  the  results  of  'the  mis- 
cellaneous sand  tests. 

THE  S'igures  given  belotf  are  the  average 
of  six  testS' 

Specific  GFravity 2.62 

Percent  of  To  ids 28»3 
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RESITLTS   OF  PREIIMITTARY   CELffilTT   TESTS. 

SPECIFIC  GRAVITY 5.105 

PERCEITT   OF  WATER  FOR  KOFJiAI   COITSISTEITCY      24.0 

TIME  OF  SET: 

YICAT  APPARATUS 

Initial  set  ....92  lain. 

Final  set  313  min. 

GIIMOKE  APPARATUS 

Initial  set    161  min. 

Final   set    379  min. 

FIUETIESS: 

Percent  retained  on  !To.  100  sieve  4.1 

Percent  retained  on  Ho.  £00  sieve  19.6 

SOUITDUESS: 

0»K» 

EACH  FIGURE  IS  THE  A\^RAGE  OF  SIZ  TESTS, 
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FIMI  TESTS 
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The  following^  apparatnts  was  used  in 
the  final  teats: 

60,000  lib.  Olsen  Testing  Llaohine. 

1000  lib.  Rlehle  Tension  MacMne. 

Fairbanks  Scale* 

Set  of  I?eighta.  (1  kg*  to  0.1  gr.) 

18"  2  12"  X  l/4"  Glass  plates. 

Trowels.  (8",  4") 

Tamper. 

Oiling  Swwb. 

2"  z  4"   Cylindrical  Lloiads. 

3"  X  6"  Cylindrical  Moulds. 

Standard  Tension  Briquette  Moulds. 

Glass  Weighing  Jar. 

250  c.c.  Glass  Graduate. 

Damp  Closet* 

7/ater  storage  Basins. 

Sand  Storage  Boxes* 
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AMOUFE  OF  MKIirG  WATER 


Tlie  normal  consistency  of  the  cement 
having  "been  previously  determined,  the  amount  of 
water  necessary  for  the  different  percentages  of 
normal  consistency  of  the  neat  cement  was  easily 
calculated.  However,  much  difficulty  ^ra,s  exper- 
ienced in  arriving  at  the  amount  of  water  necess- 
ary to  produce  a  similar  "degree  of  placticity*^ 
in  a  mortar  containing  certain  proportions  of 
sand  and  cement* 

Kany  methods  were  tried,  including 
slump  tests,  penetration  tests,  and  comparison 
hy  means  ox  the  senses,  hut  there  was  so  great  a 
difference  hetween  the  results  of  the  various 
tests  that  the  v/riter  finally  decided  to  discard 
all  of  his  experimental  data  relative  to  the  de- 
termination of  consistencies  of  mortars  of  dif- 
ferent proportions  and  to  use  Perot's  Tahle  of 
proportions  and  percentage  of  water. 

It 'was  not  without  grave  consideration 
and  much  experimenting  that  this  course  was  de- 
cided upon,  for  the  use  of  Peret's  Tahle  for  per- 
centages of  water  for  mortars  of  different  pro- 
portions is  subject  to  the  following  disadvant- 
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ages  in  this  series  of  Experiments: 

Feret's  Tables  are  for  standard  sand. 
Standard  sand  was  not  used  in  these  experiments. 

Yariations  in  results  may  "be  expected 
if  the  sand  used  varies  in  moisture  content. 

Inasmuch  as  no  exact  method  for  deter- 
mining GomparatiTe  consistencies  of  mortars  of 
different  proportions  has  as  yet  "been  developed, 
as  far  as  is  loiown  to  the  v/riter,  Feret's  Tahle, 
which  is  the  average  of  results  obtained  by  a 
large  number  of  experimenters,  was  used,  with  an 
allowance  made  for  the  grade  of  sand  used. 

On  page  62  is  given  Feret's  Table  for 
percentage  of  water  for  normal  consistency  of 
cement .mortars  of  different  proportions.  This 
table  was  taken  from  Taylor  and  Thompson's 
"Concrete,  Plain  and  Heinforced". 

Table  7,  page  63,  shows  the  relation 
between  the  amounts  of  water  as  given  in  Feret's 
Table  and  the  amounts  of  v/ater  actually  used. 
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On  page  65  is  shown  Curve  2,  which  il- 
lustrates graphically  the  relationship  hetween 
percent  of  water  for  normal  consistency  and  the 
ratio:  sand  divided  "by  cement,  when  proportions 
are  by  weight. 

Curve  3,  page  66,  shows  a  similar  rel- 
ationship when  the  proportions  are  by  volume. 

In  Table  8,  page  67,  is  given  the  per- 
centages of  water  required  for  different  percent- 
ages of  normal  consistency  of  the  different  mor- 
tars when  proportions  are  by  weight.  This  is 
shown  graphically  in  Curve  4,  page  68. 

Table  9,  page  69,  shows  the  percent- 
ages of  water  required  for  different  percentages 
of  normal  consistency  of  the  different  mortars 
when  proportions  are  by  volume.  Curve  5,  page 
70  is  the  graphical  representation  of  Table9» 
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IIOUlLDIirG  THE  SPECBIETrS 

In  order  to  secure  proper  comparative 
results  for  specimens  of  the  same  proportions 
and  consistencies  but  of  different  ages,  the 
seven,  twenty-eight , and  ninety  day  specimens  of 
the  same  percentage  and  consistency  were  mould- 
ed from  the  same  hatch.  By  this  method,  any  pos- 
sible error  in  the  comparative  strengths  of  the 
specimens  at  different  ages  was  eliminated. 
Slight  errors  might  have  occurred  if  the  batches 
had  been  mixed  separately,  due  to  changes  in  temp- 
erature of  the  room,  change  in  temperature  of  the 
mixing  v;ater,,  variations  in  the  grading  of  the 
sand,  and  etc. 

IThe  materials  for  a  given  batch  were 
proportioned  by  weight.  The  weights  were  care- 
fully set  down  in  the  laboratory  note-book,  re- 
ference made  to  Table  8,  page  67,  and  the  amount 
of  water  required  was  calculated. 

As  each  container  of  dry  materials  v/as 
weighed,  it  v/as  dumped  onto  a  IIo.  6  sieve  which 
rested  on  the  zinc-topped  mi-iing  table.  When  the 
weighing  was  completed  and  all  the  dry  materials 
for  the  batch  had  been  placed  on  the  sieve,  the 
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dry  mix  was  shaken  through  the  screen,  the  sand 
and  cement  heing  thus  fairly  well  mixed.  After 
being  shaken  through  the  sieve,  the  mixture  was 
turned  oyer  several  times  with  a  trowel  until  it 
was  <)f  a  uniform  color  throughout. 

It  was  then  formed  into  a  heap  and  a 
crater  made  in  the  center,  into  this  crater  was 
poured  the  required  amount  of  water*  The  material 
was  turned  into  the  crater  from  the  edges  and  a 
half  (1/2)  minurbe  allowed  for  the  absorption  of 
the  water.  It  was  then  thoroughly  and  vigorous- 
ly mixed  by  squeezing  with  a  trowel  and  by  knead- 
ing with  the  hands. 

After  the  batch  was  thoroughly  mixed 
and  of  a  uniform  plasticity  throughout,  the  moulds, 
shown  in  Fig.  11,  page  7§^,  which  had  been  pre- 
viously oiled  and  placed  on  glass  plates  covered 
with  waxed  paper,  were  brought  forward. 

In  the  preparation  of  the  moulds,  a 
medium  grade  of  cheap  engine  oil  v;as  used.  Care 
was  taken  to  see  that  the  moulds  were  well  oiled 
so  that  the  specimens  could  be  easily  removed. 
The  placing  of  the  moulds  on  v/axed  paper  prevent- 
ed, to  a  great  extent,  the  leaking  of  water  and 
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cement  from  the  under  side  of  the  mould.  On  page 
75  is  shown  Pig.  12,  which  illustrates  the  effect 
of  moulding  mortars  of  wet  consistencies  without 
a  "base  of  waxed  paper.  The  esc  ess  water  lealrs 
out  from  the  bottom  of  the  mould  carrying  v/ith 
it  much  of  the  finer  cement  particles  and  form- 
ing "laitance",  an  explanation  of  which  is  given 
in  Chapterll. 

C01!IPRESSI0ir  SPECUffillS 

For  the  compression  teste,  five  spec- 
imens were  made  for  each  age  of  each  mortar  of 
each  consistency  so  that  a  good  average  result 
would  "be  obtained.  In  making  up  the  compression 
specimens,  one  3"  x  6"  cylinder  and  four'  2"s  4" 
cylinders  were  made  for  each  test.  A  5"  x  6" 
cylinder  was  made  for  each  compression  group  in 
order  to  study  the  effect  of  increasing  the  area 
of  section  of  the  test  specimen. 

In  moulding,  the  cylinder  was  fille* 
to  a  depth  of  about  one  inch  and  then  lightly 
tamped.  Another  inch  of  mortar  was  added  and 
tamped.  This  was  done  until  the  mould  was  full* 
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Mortar  V7as  then  heaped  on  top  of  the  mould  and 
firmly  pressed  down;  then  the  excess  was  struck 
off  with  a  trowel.  The  moulds  were  then  covered 
with  glass  plates  and  placed  in  the  damp  closet 
for  24  hours. 

isiTSio]^  spEcniEirs 

The  tension  "briquette  moulds  used, 
turned  out  a  standard  tension  briquette  which 
conformed  to  the  standards  of  the  American  So- 
ciety for  Testing  Materials  as  sho\7n  in  Pig,  13, 
page  77. 

The  briquette  moulds  were  filled  to 
about  half  thdir  depth  and  the  mortar  firmly 
pressed  in  with  the  fingers.  Mortar  was  heaped 
on  the  mould,  firmly  pressed  in  v/ith  the  trowel, 
and  the  excess  struck  off.  The  moulds  were  then 
covered  with  glass  plates  and  placed  in  the  damp 
closet. 
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CURHTG 


TniTnediately  after  moulding,  the  specim- 
ens were  placed  in  the  damp  closet  shovm  in  Fig. 
14,  page  79.  All  specimens  moulded  from  the  same 
hatch  were  placed  on  the  same  shelf  of  the  damp 
closet,  one  shelf  in  the  damp  closet  v/as  reserved 
for  each  hatch  of  mortar.  On  the  same  shelf  with 
each  batch  was  placed  a  tag  carrying  the  batch 
number.  A  history  of  the  batch,  bearing  the  same 
number,  was  kept  on  a  single  sheet  of  the  labor- 
atory notebook. 

The  specimens  were  allowed  to  remain 
in  the  damp  closet  for  24  hours  and  were  then  re- 
moved from  the  moulds,  marked,  and  stored  in  the 
water  storage  basins  shown  in  Fig.  15,  page  80, 
for  seven  days.  After  seven  days,  the  28  and  90 
day  test  specimens  were  removed  from  the  water 
basins  and  placed  in  the  damp  sand  storage  boses 
shown  in  Fig.  16,  page  81.  They  were  kept  in 
damp  sand  storage  until  tested. 
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MAHKIiro 


In  work  of  this  kind  there  is  generally 
a  great  temptation  to  introduce  an  elaborate  sys- 
tem of  marking  containing  code  numbers  or  figures 
which  give  an  insight  into  the  age,  proportion, 
and  etc.  of  the  specimen. 

This  practice  is  all  very  well  for  a 
series  of  experiments  embracing  several  thousand 
test  pieces,  hut  where  approximately  a  thousand 
pieces  are  used  the  writer  believes  such  a  sys- 
tem to  be  cumbersome  rather  than  efficient.  I!:any 
numbers  on  a  small  test .specimen  such  as  a  stan- 
dard tension  briquette,  are  difficult  to  place 
and  a  large  number  of  figures  may  readily  cause 
errors  when  entering  them  in  a  note-book. 

In  this  seies  of  experiments  a  con- 
secutive systen  of  numbering  was  used.  The  num- 
bers of  the  batches  containing  the  specimens  for 
the  7,  28,  and  90  day  tests  were  varied  by  threes 
as  the  batches  were  placed  on  the  shelves  of  the 
damp  closet.  That  is:  The  batches  were  numbered 
1,  4,  7,  10,  15,  and  etc.  '^Tien  the  batches  were 
removed  from,  the  damp  closet  they  were  split  into 
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three  groups »  The  seven  day  group  -was  marked 
with  the  nunher  of  the  batch  and  the  twenty- 
eight  day  and  ninety  day  groups  were  given  the 
next  two  conseeutive  numbers  respectively* 

Thus  batch  1  became  Groups  1,  2,  and 
3;  batch  7  became  Groups  7,  8,  and  9.  All  pieces 
in  the  same  group,  whether  for  tension  or  com- 
pression tests  v;ere  given  the  same  serial  num- 
ber. 

Each  serial  number  was  set  down  in  the 
laboratory  note-book  and  a  complete  record  of  all 
similarly  numbered  specimens  kept  on  the  same 
sheet.  All  marking  was  done  with  red  marking  cray- 
on of  the  kind  knovm  to  surveyors  and  lumbermen^ 
as  "kiel". 

CAPPIIIG 

Y/hen  ready  for  testing,  the  specimens 
were  removed  from  storage  and  allowed  to  dry  for 
about  tv/o  hours,  before  the  compression  specimens 
were  tested  they  were  capped  with  Plaster  of  Paris 
in  the  following  manner: 

A  glass  plate  was  well  oiled  and  Plaster 
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of  Paris  of  a  liquid  consistency  spread  over  the 
surface  of  the  plate  in  a  thin  layer.  The  cyl- 
inders of  cement  nortar  were  then  pressed  V7ell 
into  the  Plaster  of  Paris  and  allov/ed  to  remain 
until  the  plaster  was  hard.  Upon  breaking  the  lay- 
er of  plaster  and  removing  the  cylinders,  each 
cylinder  came  away  v;ith  a  thingcoating  of  Plaster 
of  Paris.  It  vTas  found  well  to  have  the  cylind- 
ers a  bit  damp  v/hen  introducing  them  to  the  plas- 
ter. However,  if  they  are  too  wet,  the  plaster 
will  not  stick.  Both  ends  of  the  cylinders  were 
capped. 

The  reasons  for  capping  "with  Plaster 
of  Paris  are  as  follows: 

1.  The  rough  surface  of  the  cylinder  is 
made  smooth. 

2.  The  Plaster  of  Paris,  being  softer 
than  the  cement  mortar,  breaks  up  when  pressure 
is  applied  and  fills  up  the  small  openings  and 
irregularities  in  the  surface,  thus  allov;ing  the 
pressure  to  be  distributed  more  uniformly  over 
the  surface  of  the  piece. 

3.  The  Plaster  of  Paris,  because  it  is 
softer  than  the  mortar,  acts  as  a  cushion  and 
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tends to  prevent  shook  when  the  moving  head  of 
the  testing  machine  comes  in  contact  with  the 
specimen. 

COUPEESSIOir  TESTS 

All  compression  tests  mere  made  on  the 
60,000  Ilh.  Olsen  testing  machine  shown  in  Pig» 
17,  page  86.  A  solid  cylindrical  metal  hloci:,  6*^ 
in  diameter  and  4"  deep,  was  placed  on  the  v/eigh- 
ing  table  of  the  machine,  and  on  top  of  this  were 
place*  two  smaller  blocks,  4"  in  diameter  and  1" 
deep,  with  smooth  plane  contact  surfaces,  thus 
providing  a  solid  base  for  the  test  piece. 

In  the  center  of  the  moving  head  of  the 
testing  machine  was  fixed  the  bearing  block  shown 
in  Fig.  18,  page  87.  Sy  means  of  this  block,  the 
load  is  more  evenly  distributed  over  the  surface 
of  the  specimen.  3y  virtue  of  the  ball  and  sock- 
et arrangement, Lithe  surface  of  pressure  becomea 
automatically  adjusted  to  the  angle  of  the  sur- 
face of  the  test  piece,  thus  assuring  a  more 
even  distribution  of  load  over  the  surface  of 
the  test  piece  in  case  the  surface  is  not  truly 
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horizontal. 

Pressttre  xjas  applied  at   the  rate  of 
about  libs,    per  minute. 

CEHSIOIT  TESTS 

The   tests   on  tension  specimens  were 
made  on  the  Riehle   tension  testing  machine  shown 
in  ?ig.    19,   page  89.    Care  was  taken  to   see   that 
all  briquettes  were   evenly  placed   in  the  clips 
before  any  load  was  applied. 

Load  was  applied  at   the  rate  of  about 
600  libs  per  minute. 
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LABORATOSY  DATA 

The  original  laboratory  notes  consist- 
ed only  of  the  following  items: 

1.  Breaking  Strength  of  Briquettes, 

in  llhs  per  sq.  inch. 

2.  Breaking  Strength  of  2"  x  4"  cylinders, 

in  Llhs. 

3.  Breaking  Strength  of  3"  z  6"  Cylindejrs, 

in  llhs. 
These  figures  were  later  expanded  into 
the  following  items: 

4.  Breaking  Strength  of  2"  x  4"  Cjrlinders, 

in  IlDS.  per  sqjc  inch. 

5.  Breaking  Strength  of  3"  s  6"  Cylinders, 

in  libs,  per  sq.  inch. 

6.  Average  Breaking  Strength  for  Group  of 
Briquettes,    in  Libs,  per  sq.  inch. 

7.  Average  Breaking  Strength  for  Group  of 
Cylinders,    in  Ilhs.  per  sq.  inch. 

In  compiling  the  results  of  the  tests 
the  breaking  strengths  of  the  five  tension  or 
compression  specimens  for  each  groups  were  aver- 
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aged  in  order  to  arrive  at  an  average  strength,  in 
Libs,  per  sq.  inch,  for  the  group.  A  variation 
from  the  average  of  fifteen  percent  v/as  allowed. 
Am   RSSUIT  THAT  FELL   FIPTEEK  PSRCEIIT  ABOVE  OH 
BELOW  THE  A7EEAGE  FOR  TEE  GROUP  WAS  REJECTED  and 
the  average  recorded  was  the  new  figure  ohtained 
by  reaveraging  those  results  which  fell  v;ithin 
the  limit  of  variation. 

The  ahove  is,  of  course,  the  only  log- 
ical method  of  arriving  at  any  definite  result. 
If  all  specimens  were  averaged  irrespective  of 
their  variation  from  the  permissible  limit,  some 
pieces  which  may  have  "been  imperfect,  v;ould  he 
liable  to  throw  the  final  result  off  so  far  as  to 
lead  to  the  deduction  of  erronious  conclusions* 

Those  results  which  were  rejected  are 
indicate.,  in  the  laboratory  notes  by  an  asterisk 
placed  in  front  of  the  figure. 
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The  following  curves  were  plotted  in  or- 
der to  show  graphically  the  results  of  this  series 
of  experiments.  It  must  be  understood  that  the 
curves  are  not  exactly  accurate,  that  is:  they 
are  not  drawn  through  all  of  the  plotted  points. 

It  is  hardly  possible  that  in  such  ex- 
periments as  these,  where  no  great  or  sudden  var- 
iations are  to  he  expected,  that  a  single  point 
at  a  relatively  great  distance  from  a  smooth 
curve  dravm  through  all  of  the  other  points  plot- 
ed,  is  a  true  point  on  the  curve.  It  is  more 
likely  that  such  a  point  is  in  error,  and  in  work 
such  as  this  ,  may  be  due  to  any  number  of  causes. 
It  would  therefore  be  unwise  to  attempt  to  draw 
all  curves  exactly  through  all  points. 

Zven  by  so  doing,  the  curve  would  not 
be  a  true  representation  of  the  results  because 
of  various  opportrmities  for  error  throughout 
the  experiments.  Such  an  attempt  at  accur- 
acy would  savor  somev/hat  of  the  story  of  the 
surveyor  who,  in  striving  for  precision,  would 
pace  distances  and  record  them  iii  his  field- 
book  to  the  third  decimal  place. 

The  curves  were  drawn  through  all  points. 
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when  indications  showed  such  points  to  "be  correct. 
When  certain  points  were  considers "bly  off  line 
and  conditions  seemed  to  indicate  such  points  as 
being  in  error,  those  points  were  not  considered 
when  the  curves  were  drawn. 

All  points,  however,  are  located  on  the 
graph  sheets. 

KliroS  OF  GUR7ES. 

Ehere  are  two  sets  of  curves  included 
in  this  work,  viz.: 

STEEirGTH4-COTSISTEirCY  curves, 
which  show  the  relation  hetween  strengths  and 
percentages  of  normal  consistency  of  different 
mortars  at  different  ages. 

STREITGTH-AGE  curves,  which 
show  the  relation  "between  strength  and  age  of 
different  consistencies  of  the  same  mortar. 
Each  set  of  curves  includes: 
Primary  curves. 
Average  curves. 
General  curves. 
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PRUIARY  CURTES. 

!Ehe  primary  curves  are  what  their  name 
implies  —  true  curves  (as  true  as  is  compatihle 
with  the  degree  of  accuracy  maintained  through- 
out these  experiments)  drawn  through  points  which 
were  plotted  directly  from  the  tables  of  laborat- 
ory Data.  The  maximum  number  of  results  averaged  to 
obtain  these  curves  can  be  no  more  than  five, 

A7ERAGE  CURYES. 

In  plotting  an  average  curve,  each  or- 
dinate of  the  average  curve  was  obtained  by  tak- 
ing the  average  ordinate  of  all  curves  on  the 
sheet.  Thus  for  curve  6,  containing  one  curve 
for  each  mortar;  the  ordinates  of  each  curve  be- 
ing the  compressive  strengths  in  libs,  per  sq. 
inch,  and  the  abscissae  the  percentages  of  nor- 
mal consistency,  the  average  curve  would  be  such 
a  curve  whose  ordinates  for  each  point  of  percent 
of  normal  consistency  were  the  average  of  the 
ordinates  of  all  four  curves  at  the  same  point. 
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The  average  curve,  therefore,  would  "be 
a  condesation  of  all  four  curves  and  would  ill- 
ustrate the  trend  of  results  better  than  do  the 
primary  curves.  Detail,  however,  would  he  consid- 
erably decreased. 

Tables  for  the  average  curves  are  in- 
ciluded  in  each  set* 

GEHSIiAl  GUEY2S 

The  general  curves  are  a  generalization 
of  the  average  curves.  The  ordinates  of  the  gen- 
eral curves  are  the  average  of  the  corresponding 
ordinates  of  the  average  curves. 

The  general  curves,  while  they  give 
very  little  detail  regarding  the  experiments, 
serve  to  illustrate  best  the  general  trend  of  re- 
sults. 

Tables  for  the  general  curves  are  in- 
cluded in  each  set* 


STHEITGEH-COlTSISTEirCY  (JUR7ES 


-/e^?— 


'^  l^a^S- 


So      90     /ao     //o     /eo     /90    fifo 
^fr-Ce/tt  cf  A/orma/  Consistency 


^i/rv'e  C 


-/TS'- 


ffO        90       /OO        //^       /20       /SO      /4C 

/^r-  Cer>/  of  //or ma/  Consfsfenctf. 


cc/ev£  z 


-/^tf— 


90  ^ays. 

■f^-t-;'- 

..ii 

^;s= 

■liE-l-- 

^' 

-  r_  |.T;r 

t-   : 

-.  -  . 

::: . . 

:'  j-niv 

..- 

-;rr: 

:'.  ■ 

'   !  "  ~! 
■ :    j . " : : 

-E-•^-^ 

v§-: 

I  .: 

':r^- 

''-:,  ■.: 

1 . . ; ; 

-:.-hf^ 

;-:' 

.y- 

■" 

■:  -^■-■■■ 

/ 

^N 

^-  "'' 

:~ 

d:? 

L^:-i.-^ 

'':i  -: 

i^:-- 

-  '•]  -' 

1 

-:.  '■ 

^---■ 

-    ■ .]   ;-;: 

1   J  > 

^ 

\ 

:".r 

'-'■'■-  ' 

=-_, 

-1 

^ 

.L 

-T— 

N-^ 

^' 

■■     li-. 

^1 

"S 

1, 

1   K 

;h- 

%'  - 

:;t: 

^^^   < 

'"■  '         ,  '"'", 

:-r??t 

;r-" 

i^\; 

"tr 

-h'"-"^ 

::.■ 

:  ■     .    . 

//.I 

l« 

:-" 

-        -■- 

_-.-:7Tl 

r- i-'.:-- 

-,:    1-. 

^^ 

.  .1..   -., . .  - 

-• 

'^■A 

--=  N^   IX 

y    i    ■ 

■::4.- 

- 

7/ 

■  ■-  't  - 

;-v 

■    -'j 

^«>J 

i      i :       ■ 

/ 

► f-ii-vj 

»..  ;  -  ---j^j.  \ 

^ 

L-'       •  ■ 

: . 

_^F 

■ '+-  ■-  ■- 

--'-[■ 

',]■- 

yi^;: 

1    - 

._,:|.:  ■■ 

r-  -. 

".1,.^ 

;-  "1   : .  i: 

■T.  - 

X. 

■^  :" 

r-Tt 

•r^i 

"/^  : 

--  . 

/  M 

■:-■  ___ 

~  N 

,.  .j  - . 

>      1"     ' 

•     J . 

k 

rzzj; 

" .    ■" 

p-..-.. 

? 

^ 

:t_-. 

:_.; 

: :  --. 

/.    -fs 

_  -1 

►  ■ '. 

r:r 

-  _.-. 

-  --| 

I  -      .... 

— ,    -I 

— 

-- 

.'       :   ■■ 

\  'P' 

-:^;:  — 

'^'Kt 

7 

:'-r 

1 

? 

-i.;. 

.--1  ■"-_ 

: ":  r:  ;■ 

=  ■ 

/ 

:;-  .  ■  ;"  '. 

-i.  ':  [,  I't 

1 

:'.;• 

<? 

.;■   -f  _r._ 

■■M' 

-'  -■„ 

-:*'/ 

^:' 

^~- 

:■- 

■  ■ .  1  :^ 

1:-. 

.-' 

■  - 

j;-     ^^r 

-   '      ^-- 

:-:l:^^ 

-  ■  =17— 

y 

-- 

I   ■■- 

. 

--.    .1-'--: 

%■_. 

_"- 

j\-- 

."•- 

^.^-:^::" 

-"-    -j      i 

f , 

-■']-'' 

■ 

\- :    - 

rjff 

^'"--: 

?^ 

.:  \A 

::.::- 

-  -I- 

■^ — 1— — 

J  -.- 

,_jj 

^^' 

s 

:  ■_  "  i  ;  ; ' 

;-'!' 

^ 

L_^ 

^  . 

-\_  -.-:d 

;_-,-:: 

l^;j_.:  ■ 

'-'  -  < 

H- 

.:■  1 

-".:^" 

1'  ;T: 

'HTr" 

[p^     ^ 

-]--^ 

r^i:     :^ 

~y^  \ 

m 

fe 

' - 

,.  ''' 

:^ 

■-■-■ 

--[".   J 

",  '"  "  1     ■     " 

1 

p 

.-- 

^ 

^ 

■r-:.- 

- . 

—       ; 

'- 

■  •  :j 

::;  ji=" 

1^ 

~ 

.A 

""■" 

'-  ( 

^ 

-X|_ 

^;v 

■^•.:/: 

._,;_ 

— 

.~Sz 

-4^ 

-'■" 

-- 

-:;: 

■"^ 

-'— 

:"^; 

i__ir 

— _z 

;*£5 

r 

--- 

lurx 

g 

~-7T. 

viE^]-:±? 

^r 

--. 

^;: 

— - 

:£LI 

^^  i?l^        /^P        //O        /^0       /9c      /^o 


C^/Jei^jf  S 


--/27'' 


7Pa<^s. 


so      90       /eo      //o       ffo      fSo     /4o 
/!^r'Cenf  of /Vormo/  Coffsisfe/ic</ 


caet^s  9- 


-/Z"^- 


-P*^ 

^ays 

—  1 

-:■ 

"i     ^--'"^■ 

^^f-!fi  1-  PP  i-:v! 

- 1 

t 

1 

— h — r 

^    .   ^-    ' 

^ 

N 

-  i  ■ 

"■■■   ! 

•- 

-  !/:,- 

.  -i-  ^, 

1  ■•  p 
..-_i.i:-„ 

'  -:  - 

Jl 

1        1 

Vi^»«Ri?r 

' 

.:      .-  •: 

"'!  s.-l 

\ 

"■•It 

. .  I-  - 

T\-'- 

;:  '1  _^ 

f'f\ 

-A^ 

.! 

■f^-. 

^-'H- 

■    r-i- 

■-•;.."-;-- 

p 

'f\ 

i  r^ 

! 

t 

\    1    ■! 

_  _j  r_4_-...) 

L'  " 

■..'"^^ 

.-■j-  ^ 

rt-- 

1^ 

^ 

..     (..-. -"+ 

. .     •  ■ :  1 

rl 

.  ..:   ._  .  1 

fi 

■% 

h:.-: 

'i-y-.- 

I  if 

-.jr.: 

"■:=; 

^       1-     ■•_ 

■^ 

,     ■          .;      1 

i 

1 

~T-. 

■ "  j  '■ 

■  / -J:  :•}:,:: 

*• 

;::.j-  :: 

^N^ 

! 
— — 4- 

■"'    I'/.o- 

/ 

r  ■:  - 

.  -  !.-  . 

;.  .i,Nj  -.:,  ■  - 

/ 

>a_, 

_  .  • 

/ 

>y 

■    '     t 

"j 

— 1 

^ 

.-,j:lrr 

5    ,.L,     , 

f-|i--: 

'/ 

f_. 

.i\[        '      - 

•  i 

:        1    'n 

■;-{- 

:_■  i-^' 

_- 

■/ 

^ 

i 
< 

X 

•! 

— t— 

„  ... 

-^— 

r'.r'^ 

^ 

/^ 

■ 

,-'^. 

.1 

.._..!„ 

1 

_■::■.: 

h  :  .. 

^ 

,- 

:*:":; 

:'  ■__ 

> 

/■^ 

-T^ 

— T— 

::;  .|,^  .' 

1 

r~~r 

ST : 

"fPu 

7T-:.  !"-■- 

/ 

■    j 

r*^*^:; 

k^  .  ■ , 

1  : 

^  "" 

".- 

I 

X^ 

A 

•  ! 

ftl.^ 

1 

^ 

g^: 

::.-; 

.1-* 

'            -> 

><- 

-'Vi 

y  1  -.. 

:\  ■ 

! 

-J 

"  { 

r^: 

"    1     T 

.i-^r- 

• 

..-'i'  J  /  ; 

- 

--' 

... 

to 

--f 

:.     : 

. . 

r^ /,'■-: - 

-;f" 

^:;     •■- 

1 

■\.  ^ 

"t  ■-: ; 

'-.r. 

1- 

"n[- 

--ri 

■^T 

'.rr  ' 

:■      -1 

.    :}  .„ 

JL 

qrr 

.'  '-- 

':  ■;;•  r:  .- 

:r^ 

.  -i-^. 

-  -V 

■.|- ;•. . 

i 

" 

:.     1   .  ■ 

1 

-:; 

r    . 

t— : 

:.. - 

r-!^ 

1 .  - 

1 

--i--  ^ 

''!- 

"     1    "■" 

1, 

;-■; 

"'■' 

1 

n^ 

-.:::- 

r '  r- 

'^y 

■TTj 

,- 

i 

1  -1- . 

;     : 

■ 

-M 

1-; 

■"•'" 

.j:_ 

i-'^ 

'  r^ 

-,— 

-v 

~= 

-1^ ,  r 

:H 

__.: 

-^- 



-;  rr 

^: 

•::" 

.   .. 

-'i 

-  :z 

:  -  r. 

hdH-: 

-/-: 

_r 

-:,  L 

1l- 

^■.;ir. 

_  "- 

L:.'.; 

..  ■;.;: 

'2I 

"__":" 

",~' 

•  =:fe^ 

r.^/l^j 

^.       ;  I 

:-\' 

1      - 

ffo       9o       MO      //o       fzo     /SO       /^ 
^/^-Ce/>/  of  Abr/t9o/  Co/js/sfeocy. 


-/e^- 


90  ^ays. 


&o       9o      ^o       //o       /s»      /sa       /4^ 

/^/^-Cen^  of  A/ormo/  Cons/s^€ficy. 


f 

^ 

i; 

I 

% 

§ 

N 

t 

1 

i 

«! 

§ 

.V 

s 

t- 

Ji 

v» 

y> 

^• 

1 

In 

1 

1 

1 

^ 

^ 

CO 

1 

^ 

V 

^ 

^ 

15 

$ 

^ 

^ 

V) 

5 

1 

1 

1 

1 

1 

1 

1 

1 

"^ 

^ 

:^ 

i 

^ 

\ 

1 

t 

1 

1 — 
0 

0 

i 

§ 

^ 

Q 

^ 

§ 

1 

1 

i 

1 

NO 

1 

1 

0 

I 

^ 
^ 

8 

>6 

1 

§ 

0 

1 

1 

Q 
Q 
^ 
^ 

1 

R 
5 

8 

§; 

N 

^ 
^ 

1 

s 

Q 

^ 

0 

5! 

§ 

^ 

^ 

N 

^1 

§ 

5; 

1 

a 
^ 

#5 

1 

1 

1 

1 
1 

5: 

^ 

& 

1 

-/9/- 


O'o  9c         /«e        /i«       ^  /^o      >9S0       /40 


^^/iiT/?. 


-~/3Z- 


I 
1^ 


\ 

\ 
\ 

\ 
\ 


I 


I 

\ 
I 


i 

^  I 

I 
I 


1 

0 

■ 

0 

1 

§ 

\ 

i 

1 

8 

0- 

0 

0 

0 

1 

^ 

^ 

1 

1 

§ 

0 

1 

0 

0 

1 

& 
« 

1 

§ 

> 
^ 

0 

0 

0 

>• 

S 

0 

i 

^ 

0 

1 

0 

0 

l" 

§ 

0 
\ 
in 
\ 

1 

1 

1 

4. 

1 

I 

N 

1 

5: 

1 

-/93' 


/9re^a^  Ct^yf^-  ^// /^forfcrs^  -  ^'^  ^<ofs. 


Jto       /ao       //o       4flr       ^fo      >*o 


c(/ev£  ^- 


-•/3^- 


I 

^      CO 

I 
1^ 


I 

I 

i 


In 


1 

1 

8 

0 

5 

1 

1 

§ 

« 
\ 

! 

1 

J 
? 

^ 

^ 
r 

§ 

1 

,0 

s 

1 

1 

§ 

1 

0 

§ 

\3 

1 

i 

^ 

^ 

$ 

5i 

1 

I 

s 

1 

^ 

? 
-? 

1 

« 
? 

0 

1 

^1 

1 
1 

1 
1 

1 

5: 

iS 

1 

-/$£■- 


I 


I 


/Jyer-o^e  Cur\^e 

>  __ 

y^//  Afar/iars- 

^<?  ^^S. 

/..: 

■■■i:^,  - 

t;:.^ 

ll 

Si^yf^ 

■ 

'i4^-  r- 

;(: 

--'■ 

H-j_;_ 

■;■:;.'-, 

■sr--;fe 

^-^■: 

-4:'.-,^ 

"■"  r  .  /--■ 

bf"i 

-:• 

"  ■  - 

n:i 

:^ 

:,]s':. 

[£-.^^f^4 

:-  M:- 

.j::.- 

•- 1- 

1 

f-^M- 

'    ;r 

.:  -.-. 

■;.!..  r 

m 

i  .j..,- 

i-liji^r: 

'      ,1  — 

r- 

^:;:H.^ 

■'i-:'- 

^  - 

^';- 

I'jIjt; 

-: 

\-    -r- 

'■ 

'^:^ 

■Sn 

^-"^^'--   ■ 

."".r.^- 

-  -;":; 

^ '  !---^  Iv!--- 

-  ■  jf^-< 

►  ii- 

r  i 

"Nv 

-  ^~^     -  • 

.'". 

i 

— rrf 

—- 

,        .■::,-,   t 

(^'i  -■  ^ 

ui^ 

t: ':"-, 

i  ^ 

-t:.;     ■.-:. 

'.  • 

--■'--  1  ►  ;-i 

_yr 

;■   ' 

\ 

■-:-.;- 

9 

-R 

fe 

rip^ 

y^T 

.i3i!. 

..__ 

r'  ,- 

■  ,' 

\ 

...^-  i^.;". 

G 

ftit+ 

Ti-ri^ 

ii— 

;-'t 

^!^V 

It-""."!    t 

;'/,■ 

IJL 

* 

'vi^ 

.-:: 

-'-.fi. . . . 

-T^ 

"•  '^-1^ 

;"  ■■":] 

"s.  ■ 

^ 

t-"';.  "Tibl 

i>a]±ii 

-\ 

-  - . . 

y:.]'. 

'-'  |- 

/^^ 

:-^"l: 

'h't 

jr.! 

,----.■;; 

— 

-  -  !  -  '. 

'i''''''X'y 

-'  ■•'■■ ; 

-M^ 

0;;^-i 

. :'. 

-•:-- 

- '  -' 

-  -I..  '- 

^:::-  !-.'1 

.,.-,;- 

■J      . 

j 

.;.-'-. 

r"-;-- 

7— 

:.: 

1 

-'"'[ 

■\X1 

Il|-"^ 

-r^l7< 

i,  :il 

^r'i 

■pi- 

■'■  '^' ''■'■. - 

'-■  : 

r:^-'.- 

-■:■■ 

_.    :    ; 

«* 

-  -;: 

r  '-] ' 

-s^T' 

.  T  :. 

'■;.-  '   ... 

"   .-1 :"-  ' 

:;_!_- 

::.-f.' -.:-." 

-.'". 

:.-- 

^^-r 

-r  -; 

'TTr 

- 

^•'^- 

::':': 

:  ~ 

;:r 

.r."4T 

;""'—[ 

-1-  -•- .  1  -'    - 

-r 

_,,. 

:  '.i". 

-    v^  ;:..■: 

J  ^4 

t'.. 

■■-t". 

;■- 

■ir't 

r::^_ 

:-;.}:- 

::    ."^t: 

..•.-.► 

■"  -".. 

•t'-- 

0 

-:■-  ;. 

'-:-  , 

.  'Tt-^l 

l.n: 

.:  --:: 

y-S.- 

j  ;:■  ■ 

,'- 

.     •;   r.  . 

;  -i: 

..-, ... 

1 '  ■  ~  ■ 

--i-..^ 

-    -r    -    * 

..„ 

■■;1t 

--, . 

■  ■  ■ 

. 

„.  T 

-1. — , 

'1 

^~r+ 

5 

--Ih-. 

'- ':  .J 

;  .  'T 

t^ 

^'fe-' 

."i:r 

irf; 

te' 

",--!•: 

-i-' ^' 

]^\ 

-: 

:.L"_." 

:r^l 

p^l 

^+ 'T- 

-'\\-: 

^fJ-.^ 

h:^ 

€.i 

^■4^ 

i-r1  - 

J,  j:  '. 

._LfT 

1- 

-'  ■ 

-^.';.-- 

■  "'   i   ^--- 

W- 

1., 

.    ....i      ; 

'ii;  :-;^^ 

5^^ 

-"Jt 

i.r*:- 

.;ft. 

■^-'. 

i^r 

ti "'. 

:.[.--(, 

.,  ,  -  j 

0 

/  - 

-'-t 

".     "-J 

"^^ 

-.-j  - 

f:+~ 

'  1 '  ',■ 

a 

r'^7 

rM+ 

f^ 

-— ^ 

:;-.! 

'  1 

4-  r ' 

..u.;- 

—4; 

ffif 

:iL:. 

:r:;  r 

# 

:-^-i- 

',^r 

—^ 

'_,] 

-'-- 

1 

^ 

,jX,  ■ 

tl 

xti- 

■Lr: 

]": 

r^* 

-  - 

-3-t- 

9;- 

^H  -  - 

'-■i-: 

-- 

:3 

llT^- 

■•":-.  ^ 

f- 

N: 

It--' 

'  ._;f. 

pt 

trrd 
1— - 

-■-■^x 

li^' 

^TT 

+iM 

1.-1 

m 

X  f  \ 

M 

34 

i'F 

J?  '  : 

.:.--■: 

■ft 

# 

^  ^L~ 

^ 

rij  .■ 

+»— : 

.{F 

.J.;-: 

■*"L"'"t 

fi"' 

•rf  ■"■ 

•  — 

S^ 

TTt-".,  :■.;■ 

L. :. . 

: .  S- 

r   ':;i 

T^r 

_. 1 

i-:--.' 

J^ 

.."t  -'. 

L-lr-' 

i:.'.'. 

^O  90        J€>0       //O         /ZO       /30      /40 

/Ify^-  OeJi/  of//or/na/  Con  slsfenct^. 


coteke"  /4. 


-/^6- 


1^ 


.<        ^ 
^      CT) 


§ 


r 

f 

I 


?■ 

0 

k 

(0 

! 

V 

I 


i. 

i 

Q 

^ 

Q 
^ 

a 

^ 

^^ 

^ 

1 

1 

§ 

0 

f 

5 

« 

^ 

i 

1 

0\ 

0 

>• 

^^ 

? 

1 

5; 

§ 

s 

f 

§ 
^ 

I 

1 

5! 

^ 

^ 

& 

t 

s 

^ 

1 

1 

t 

1 

5^ 
1 

^ 

g 

4J 

1 

-/3^- 


/^pyt'rai^e 

Cof^ire- 

^//  J^€?rfait^  - 

- 

Ze/iays 

••  -  -I 

,  •■  t   - 

■.]• 

-•X 

'■-, 

:-vK:: 

' .  -.i?- 

■  1 ," 

I 

: 

1 

j' 

'-;■:. 

1  :■ 

.     :  ■.  ' 

:     j..;^ 

-^r 

■  ^  ■» 

J"   ■ 

;i    ; 

- 

..:  i    1 

1 

;■•_.'■ 

■'4- 

I 

■   :•    1 

:  J^":: 

/ 

r  ■  _ 

) 

'-• 

•     1   -   • 

• 

■    I     . 

^-■.; 

■'  '  '■•ii 

/. 

V^ 

_"' 

'-:. 

. 

-;;- 

-    ^_ 

■■'.' 

V 

.J 

-., 

.  .._■ 

"-■r-" 

.  ,      .. 

:.%--. 

■    -j..'' 

■ 

! 

1 

■   V. 

A 

.•+': 

Itlii 

^'■'■.: 

,;-b 

V- 

t  '  -'' 

T"? 

'  -'^ 

..:    1 

■•  -j.   - 

'-:'■■ 

\ 

'       i 

1  r 

..■' 

\"i:- 

; 

::  " 

L_.    . 

""!:. 

:■ 

'  / 

■  ■  :_: 

.,:.; 

1^^-: 

vk- 

■    -j:.;^ 

1- 

''  "  f  .  . 

^ 

, 

.... 

~\ 

■  -  !    .  ■• 

,;•; 

■   1 

\ 

■",  J 

'"■ 

.1    '": 

\ 

1     .• 

r 
1  ■ 

I' 

:;i;%:'t 

}i;: 

V:-- 

-f.-j 

.-'1. 
■ 

"-.  \: 

.  1" . 

-1 

.1-.   ■  V  . 

:"■.: 

1_V   '  ■  :!-'.■ 

-:■ 

i  -1 

( 

■ 

-t'-T   ! 

:.Z-  .:■-: 

l' 

■     1 

— •" 

:■-         ■ 

•~ 

•■ 

Y 

1 

1 

/ :  ' 

:" 

\ 

V 

-.:- 

._■- - 

'■u  1  *" 

■■ 

:'■:-. 

:, 

'''; 

7 

:i  * 

:  ■; 

;.■  "i" 

■i}' 

■    ■  *  J '    ■ 

.;;| 

;; 

.  w  ' 

iii  i-'l 

!:, 

TV 

■ 

■ 

' 

..::i 

5 

1  :     1 

■  i 

.'•,''/ 

!"'' 

1   ^ 

; 

:-i 

.: 

|-l- 

^  ,  ' 

y.r.: 

^XU 

\ 

,•  ,l.. 

::j.' 

■,' 

-r 

nf 

" 

U" 

■'-W 

'■'.. 

il:-. 

\ 

'' ; ; 

'", 

■j:; 

,  .11 

1.1 , 

■'1  ■ 

..'■.I 

['■  '  ; 

' 

k 

- 

k« 

r 

;* 

iili 

.;!-' 

'.  'J'; 

i-j.' 

. 

■  1 

■^r 

.1 

■  -1 

Ji-i. 

n  !■; 

J  '  ,  : 

•'.t. 

U  ;  , 

1 

'  ;-f 

■  :i-.. 

I 

i ' 

r'l 

;■;.. 

!  ■; 

1-'  • 

.;   .1 

!•'■ 

•;  !■; 

.  ,.'  i 

•  J|!- 

"lJ    *  4 

>.;■■ 

..: 

'-; 

' .  1 1 

H-'l 

. 

•U-^ 

,'■ 

.'' 

•":'■ 

■M' 

■,; 

r 

:■■;-: 

, ,  ■ 

.h.c 

1 : ;: 

iiiu 

.;:,■  ^.,, 

';'■ 

1-J 

-■ 

_ 

^»        ^        /»•       >w        rjtm      /9o      /^^ 


a/jp^s  /ff. 


—^36- 


\ 
\ 


I 


\ 


\ 

V 

I 

Vn 

I 

8 


I 

I 
I 

>^ 

I 


1 

0 

5? 

a 

51 

N 

1 

J 

n 

§ 

% 

§ 

^o 

? 

U 

^ 

I 

§ 

\ 

Q 

^ 

1 

1) 

J 

10 

« 
1 

<0 

1 

\ 

\ 

V) 

0 

\ 

5; 

1 

<s 

\ 

0 

>5 

\ 

% 

11; 

1 

1 

5; 

^ 

1 

t 

'I 

-/99- 


wm 


^         9o        /oo       //o       /To      /9o       /^o 


ci/eve  /a. 


i 


I 


I 

i 

I 


I 

i 

V 


!5- 


1 

1 

1 

1 

t 

^ 

« 
* 

§ 

1 

1 

.^ 

1 

f 

^ 

§ 

^ 

n 

^ 

1 

§ 

1 

t 

1 

t 

<5 

f 

>6 

1« 

k 

\ 

I 

« 

0 

i 

1 

0 

§ 

^° 

^ 

^ 

5 

5! 

^ 

1^ 

1 

so  ^ 

1 

1 

1 

— — - 

1 

1 

1? 

1 

-/-*/— 


/^A«w^^  ^t/f^i^"   /7f/  /^^or/ars"   Sopors. 


\ 


h 

\ 

w 


-l:-  - 

i:^ 

•_::::-- 

.•}-^ 

f^E 

:-f,r 

a? 

T-"7 

-.r^":- 

-~h 

:r.r- 

"-:■ 

J-C- 

^rTr 

■•i:± 

1  ■  .:- 

■----"I 

■^^ 

■  ~ 

"'-t~ 

■-:'^ 

:'._" 

3  ■ ; . 

.'ti'- 

;-'-'"  :-■;■ 

-■■  t"' 

;?^ 

■— , 

>_ 

-..'  - 

.- 

-  .„„- 

~- 

"-S 

r— 

t;--- 

4-^ 

4-^ 

:r;x: 

-:_-.-: 

■*:-:" 

^-£^ 

;yi 

\'— 

-:±^ 

"■-i-C 

**--' 

*  ^■-. 

-•- 

h  ^ 

-^- 

-J  -,j_ 

,:--: 

T  ". 

r^.iiz- 

*:;_-. 

--"1  - 

n: ' 

""'-It-'- 

-■--:: 

-(„_ 

:rjl!- 

i-T 

T  L  ■  -■; 

:-If  - 

::-":  .-".  - 

---^ 

T'j 

-  ~'-'^, 

:•- 

__._ 

I'-lv 

^- 

!   "'^ 

^     t 

>: 

,^-l- 

JJ^_ 

'.'■t 

-  "L 

^"!-S 

^ 

4-- 

-^ 

V~ 

- 

-T- 

£jz-. 

■^ 

-T-- 

/- 

1 ;-t 

r'  '■ ' 

'■  ,  ^> 

i  •   -| 

^ 

V.  _-■_ 



- 

-^-- 1'"'- 

--.T- 

-i*~ . 

7^^ 

-:  "- 

^■■'  t 

»'S 

1  ■' "(-?' 

l'  "  ■ 

W 

-!■'          ■■'•- 

--;. 

i--  : 

■— 

^^ 

'l:'- 

'-:'- 

h' 

:••- 



ri"- 

S^: 

^~\ 

—    .- 

— T 

■-T, 

S: 

■   .  - 1^  "  ^ 

-^  r  , 

t"  ., 

j^^lx 

-"■:"■' 

' ;      fi 

l'''-'- 

'!■[ 

S- 

' 

-i- 

"'    ■ 

■7- 

::~r- 

^::: 

- 

:•-.: 

;j  ^ 

f^-rr 

-      - 

tSC. 

:J-- 

">t 

y'-:^: 

•-;  /-^'. 

,. :_  :- 

--;  i  .-!• 

"  - 

~- 

( 

r^X 

T-rt 

•Tt-- 

'■^:i'rl 

-■S'-- 

-~ 

1^ -.q 

<.:: 

r- 

— -        - 

.  ;  -J. 

T'~- 

-r—   - 

\  • 

.-:"    -.rl 

~*~ 

;i'.  ^'' 

i-iz 

-4  - 

,^-- 

Z— i 

~i^; 

^ 

tiii": 

1_^ 

-4^ 

'■  r: 

;: 

-- 

- 

^"'  ' 

4. lip 

¥ 

llil: 

hC^ 

.    '  . 

.r'-v 

p 

^z-J: 

:•    1     - 

--^ 

-J  J, 

-Ti 

^L'/; 

/ 

■;^-- 

-T-  + 

£". 

tr.: 

'  "-' 

-^:' 

■  i  r* 

--^ 

■'.A- 

-  : :"--: 

li^;-: 

;  'T  z 

b:- 

'-■7^ 

-ii-" 

-r- 

Tnv 

"'  -r 

:h 

•  : 

^~~-~ 

--'.-'- 

.  Y 

;-;  ; 

*;:"- 

.  .:- 

''7 

M  , 

/-i-s 

S:- 

:•- 

-■fl- 

-ir 

h-"-- 

.-~:". 

^  :    " 

-,-;-. . 

-;  '" 

b 

^^ 

^_ — 

■-— 1 

-  .-I-- 

H-J'T- 

.a^ 

!T^i: 

-;_~ 

i-  ■  f- 

-„:-, 

id-. 

^■ 

•^r 

-Pf^i. 

::'i-;-t 

B 

-'+i 

'-■■H 

-^ 

_±-_ 

J--h| 

J  '  •! 

J — 

1-'-' 

rftf 

H-" 

#r 

1 — P- 

j^^: 

-^-P 

si: 

J  .  7' 

/^"rf 

-J : ; 

LzL- 

-L-2-. 

-•-'  r.- 

-, 

-:• 

::  ;; 

J-^ 

._  -,, 

'\7'^' 

"vT 

^ 

sk 

-h 

^^ 

Ttf 

----- 

'-^- 

i-<(V 

'/.T-. 

f^ 

L-x; 

r-!i~ 

•  ;  t-H 

:-l:  - 

■  '? 

i"h- 

■.';ii" 

w 

■^ 

j:L_ 

Sj- 

:,-"r.-  - 

■-. 

x:^ 

iL::: 

-   .  t 

:h 

-_  tii 

-r#^" 

p- 

^^- 

-  — 

S- 

■^ 

i-T- 

^•=: 

"1 1 , 

-  -|l- 

■:-;-r 

St 

:ii5 

'i~t 

- — , 

#;■? 

Ff^- 

=^i 

'■'.  \ 

-■  H^ 

^i  7- 

-r'ti 

— +i- 

-■- 

--'- 

r- 

--"-H 

~'""r 

-.-- 

_,. 

--■Ttt 

3--^- 

-  .j-4- 

i,H? 

-a: 

'    T 

-'-'' 

^ 

-i]?r: 

^-. 

L..    _ 

fl»         5l9        /tf0        //0         /,A>        /JSs       A^ 


C(/et^£'  /7. 


-142- 

In  the  follo-ing  G3IIE3AL  CURY2S,  the 
results  shown  are  the  combined  results  for  all 
specimens  tested,  irrespective  of  age  and  pro- 
portions. 

The  general  curves,  therefore  are  ob- 
tained by  averaging  the  results  of  420  specim- 
ens for  the  compression  curve  and  420  for  the 
tension  curve. 

In  this  manner  is  shown  the  average 
results  to  be  espected  from  a  series  of  diff- 
erent mortars. 
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In  the  following  GEEERAI  CHRVILS,  the 
results  shown  are  the  combined  results  for  all 
specimens  tested,  irrespective  of  percentage  of 
normal  consistency  or  proportions. 

The  general  curves,  therefore  are  ob- 
tained hj   averaging  th©  results  of  420  specimens 
for  the  compression  curve  and  420  for  the  tension 
curve. 

In  this  manner  is  shown  the  average 
results  to  "be  espected  from  a  series  of  diff- 
erent mortars. 
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3?7pical  failures. 

On  page  179,, Pig.  20  is  shown  some 
typical  specinens  after  failue  due  to  oompressive 
stresses  induced  b  ■  loading.  Pleading  fron  left 
to  right  the  speclj-.'iens  consist  of  i  -  S  Ilortar, 
1-2  Ilortar,  1  -  S  i-Iortar,  and  ITeat  Cenent. 
Prom  the  illustration  it  -/ill  he  seen  that  the 
mires  cont?.ining  the  sraaller  amounts  of  sand  re- 
sitlted  in  specimens  uhich  sho^7ed  the  cleanest 
breaks.  Phe  most  perfect  cone  was  provided  by 
the  specimens  of  neat  cement. 

Fig.  21,  page  IGO,  shows  some  typical 
tension  failures.  Host  of  the  specimens  of  all 
mixes  broke  evenly  and  near  the  center  although 
the  leaner  mires  at  the  shorter  ages  showed  a 
tendency  to  break  near  the  shoulders. 
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CHAPTER  YI 


EIGKOSCOPIC  AITAIX-SIS 
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The  microscopic  pictures  \7liich  follov/ 
xjere   made  vilth   the  pliOt;omiGro{rrapjiic  apparatus 
shovm  on  page  182.  A  detail  of  the  microscope 
is  given  in  Tig.  23,  page  183.  ITo  light  filters 
were  used  as  the  cement  surfaC'  s  were  only  part- 
ly and  very  imperfectly  reflecting-. 

Standard  Ortlionon  plates  were  used,  at 
an  e::posure  of  three  seconds  with  a  number  ten 
aperature.  It  v/as  found  that  shutting  dOT;iTa  the 
aperature  at  the  condenser  lens  provided  a  greater 
degree  of  detail  than  was  otherwise  ootainahle. 

All  LiAGUIFIGATIOITS  AES  AT  TWEFTY  DIAII- 
ETEPlS.  3y   taking  larger  magnifications  it  v;as 
found  that  the  pictures  shov/ed  an  insufficiency 
of  detail. 

Eefore  being  photographed  the  specimen 
of  mortar  was  first  ground  do\-m  to  a  sm.ooth  sur- 
face. It  v;as  then  etched  by  being  submerged  in 
a  one  percent  hydrochloric  acid  solution  for  a 
half  hour.  After  being  taken  from  the  acid  bath 
the  specimen  wae  rinsed  to  get  rid  of  the  survlus 
acid  and  after  drying  was  polished  on  a  piece  of 
coarse  lintless  cloth. 
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HBAT   CEISIIT      80f'  mmikL   COITSISTSFCY. 
LIAGITIFIED   20  DIAUSTZHS. 
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HEAT   GE.Z:iIT      90,i  HOBMAL   GOI'SIS^SirCY, 
lIAGirilTISD   20  DIAIZ;"1?.S. 
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ISAT  gi£j]:::t    ioo,1  i-iomiAi  coirs  is  tettcy. 

HAGFinSD   £0   DIAir.TiZHS, 
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UEAT   CELEITT      liajo  ITOBllAI   COHSISTEITCY. 
IlAGirrPIIlD   20  DIALIETERS. 
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IIEAT   CSIIEirT      120';S  Tr02Lia.I   coirs  IS  TEirCY, 


IIAGE-IFISD   20  DIALIE! 
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HEAE  CELEUT      ISOf^  IIOEMAI,   COITSISTEirCY. 
lIAGiriiFIED   20  DIALiETEnS. 
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IIEAT    TEIilEirT      KQ^a  ITOEIIAI   COITSISTEFCY, 

LIAGjriFEID   20   3IAI',I1:TE3S. 


-191- 


1   -   S  LIOHTAR     80;^  irORI,liL   COITSISIEITCY. 
lIAGITiriEiD   20  DIi\lIET:jRS. 
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1-3  ::OSTAR      20;'  ITOEHAI   COITSISTSITCY. 


-193- 


1-3  ::03TAR      100,::-  ITOFJIAI   COnSISTEUCY. 
KAGirrE'IED   20  DIALIET3SS. 
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1   -    S  KOPxTAR      lio;^  irOHMAI   COlfSISTEirCy. 
IlAGiriPIED   20  DIAMETERS. 
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1-3  LIORTAR     120';J  irOHiai   COITSISTEKCY. 
IIAGJIPIED  20  DI^EEHSS. 
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1-3  :.:0RTA3      130-;^  ITOHHAI   COIISISTEirCY. 
liAGriFED   20   DIAI.II]TiSS. 
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"he  chapter  on  microscopic  analysis  is  al- 
nost  self-esplanitory  and  requires  very  lit  tie  add- 
itional discu  rion.  The  fact  brought  out  bySie  pict- 
ures included  herein  is  that  referred  to  in  the  clp,pt- 
er  on  preliminary  discussion;  that  -with  an  incppase 
of  the  amount  of  mixing  water  the.Trater  voids  in  the 
mortar  are  increased  in  size. 

I'he  mortar  mis:ed  at  BCf/o   normal  consistency, 
TThile  it  has  the  smallest  voids,  is  weak  because  the 
x-eaction  bet;v;een.  the  water  and  cement  was  not  completed. 

On  page  190,  where  .is  shown  neat  cement  at 
140%  normal  consistency,  it  is  seen  that  at  very  wet 
mi::es ,  excessively  large  voids  begin  to  appear. 

In  the  pictures  of  1  -  5  mortar,  it  is  int- 
eresting to  note  that  the  voids  occur  very  ciLose 
to  the  av^e-recate. 


CEAPTEE  YII 
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A  resume  of  the  tables  of  laboratory  data 
gives  the  follouing  figui^es: 

number  made.   ITiimber  He  J.   -j  3ej. 
Eriauettes  420  30        7.1 

2"  T.   4"  Cylinders       336  29        8.6 

5"  X  6"  Cylinders       84  13       15,5 

It  v/ould  appear  that  the  results  for  the 
larger  cylinders  v/ere  the  least  consistent  but  it 
must  be  rernenbered  that  for  each  lar~e  cylinder 
tested,  four  suall  cylinders  v/ere  tested,  the  great- 
er percentage  of  rejection  of  the  larger  cylinders 
v;as  probably  due  to  the  fact  that  the  average  of  a 
batch  \7as  sv;ayed  by  a  preponderance  of  the  smaller 
cylinders* 

The  S"  s:  6"  cylinders,  tahen  by  themselves, 
indicate  the  trend  of  the  ei^iperiinents  as  v;ell  as  do 
the  smaller  cylinders.  It  was  for  this  reason  that 
they  v;ere  included  v/hen  figuring  the  average  unit 
strengths. 
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STRSireTH-GOl'SISTE^ilGY  OXfRTAS ,    PHniARY. 

2he  STPJIliTGTIi-COrSISTEITCY  curves,  for  both 
compression  and  tension,  pages  124  to  129,  indicate 
that  t-ie  least  anount  of  variation  in  strength  occurs 
in  the  mi::es  containing  the  larger  anounts  of  sand. 
Appearances  r;ould  tend  to  shov;  that  this  V7as  caused 
by  change  in  percentage  of  normal  consistency. 

It  must  be  borne  in  mind,  hov/ever,  that 
the  amounts  of  nising  water  used  in  obtaining  similar 
normal  consistencies  in  the  various  mortars  were  ob- 
tained by  approsinate  methods  and  it  may  be  due  to 
the  iact  that  the  amo \mts  of  water  used  were  some- 
what incorrect  that  such  a  condition  becomes  appar- 
ent. 

In  such  er:periments  as  these,  it  is  not  ■ 
possible  to  make  definite  statements  of  facts  depending 
upon  the  relative  consistencies  of  the  different 
mortars,  -he  conclusions  must  be  limited  to  facts 
hinging  upon  the  different  percentages  of  norm,al 
consistency  and  upon  the  variations  due  to  age  in 
a  single  mortar. 

Such  points  where  intersections  of  primary 
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curves  occur  such  as-  on  pages  125  and  128,  may  be 
due  to  errors  in  mouldinr  or  testing  and  are  not  to 
he   taken  as  a  true  indication  of  results  as  majr  be 
readily  proved  by  a  glance  at  the  average  curves. 

STHElIGTH-COITSISTSIICy  CURVES ,  AYSPJIGE. 

In  the  average  curves,  any  error  due  to 
the  incorrect  relative  consistencies  of  the  differ- 
ent mortars  is  overcome  as  each  average  curve  con- 
tains all  primary  curves  for  all  mortars  of  the  same 
age . 

On  practically  all  average  curves  it  is 
shovm  that  a  supply  of  mi:;ing  "later   below  that  am- 
ount required  for  normal  consistency  produces  a 
mortar  uhich  is  far  v/ealrer  than  one  mi::ed  with  a 
greatly  e::cessive  amount  of  water.  This  is  midoubt- 
edly  die  to  the  fact  stsated  on  page  3,  viz,  that 
the  chemical  reaction  of  the  cement  and  Wcter  inas 
not  coi-;pleted  due  to  an  insufficient  supply  of 
water.  I.-ore  of  this  v."ill  be  said  later. 
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The  average  eiirves  on  pages  lol,  153,  and. 
1S5,  shov/  the  follov/ing: 

Age  in  days.  Percent  oi'  normal  for  nazcim-om  strengthi 
7  90 

28  100 

90  120 

The  average  curves  on  pages  137,  139,  and 
141,  for  tension,  shov;  the  follov/ing: 
Age  in  days. 

Agein  days.   Percent  of  normal  for  rna:ciravL.  strength. 
7  100 

28  110 

90  110 

Froa  the  aoove  it  is  to  he  inierred  that 
greater  strengths  at  later  ages  are  to  he  obtained 
hy  a  slight  e::cess  of  v/ater.  A  large  e::cess,  however 
results  in  a  T/ealier  laortar.  This  is  true  for  both 
GOKpression  and  tension. 

st3E1ioth-coiisistz:tgy  cuhv:;.s,  seitieai, 

-103- 
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STREUGTH-COITSISTluITCY  GURVLS,  CtZITLTAL. 

The  follov7ing  is  obtained  from  Curve  18, 
page  144: 
Mill,  compressive  strength  =  2100  Ibs./sq«  in.,  and 

occurs  at  G0)o   noi-mal  consistency, 
llaz.  Goni^ressive  strength  =  5410  Ihs.y'sq.  in.,  and 

occra-s  at  100,'j  normal  consistency. 
Strength  at  140/5  noraal  consistency  =  26c0  Ihs./sq/  in. 


The  following  is  obtained  from  Curve  19, 
page  146 : 
Kin.  tensile  strength  =  270  Lbs. /so.  in.,  and  occurs 

at  80; J  noraa.1  consistency. 
I^s.  tensile  strength  =  400  Ibs./scj.  in.  and  occurs 

'  at  lOO^'j  normal  consistency. 
Strength  at  140,.'  normal  consistency  «  oOO  Ibs./sq..  in. 


From  the  above,  it  is  seen  that  in  comp- 
ression, a  percentage  of  normal  consistency  20,-j  less 
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than  that  percentar^e  of  normal  consistency  which, 
produces  the  raasiinum  strength  results  in  a  reduct- 
ion of  strength  of  lolO  Ihs./sq*  in.,  or  S8-a  less 
than  the  maximum,  vrhile  a  mortar  containing  40)1 
greater  normal  consistendy  L"han  that  required  for 
maximmn  strength  suffers  a  loss  of  only  730  Lbs./ 
so.  in.  or  aoout  21, j  less  than  the  ma:iinum  strength. 

In  tension,  the  strength  resulting  from 
a  miz  20/3  of  normal  consistency  less  than  that  re- 
quired for  masimum  strength  is  130  Ihs./sq.  in., 
or  ahout  33;.  less  than  the  rna::imtim,  v;hile  that 
given  "by  a  mis  40'/j  of  normal  consistency  greater 
than  that  requii-ed  for  maximum  strength  shov/s  a 
lossof  100  Ihs..  /sq.  in.,  or  25, 'j» 

It  is  seen,  therefore,  that  an  insufficient 
supply  of  milling  v;ater  produces  a  mortar  very  much 
weaker  than  that  in  which  a  considerably  larger 
amount  of  water  has  iDeen  used.. 

^his  fact  emphasizes  the  importance  of  p 
proper  mi:iing.  If  mixing  is  not  done  properly  and 
thoroughly,  some  of  the  cement  will  not  he  "brought 
into  contact  withLsuff icient  v;ater  and  the  result 
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7/111  1)6  'Jlie  same  as  Indicated  herein. 

the  pei-centage  of  Joss  of  streng-th  due 
to  the  use  of  too  much  water  and  that  due  to  the 
use  of  not  enough  v/ater  are  similar  for  looth  ten- 
sion and  comnression. 

STREUGIH-AGE  GIffiYES,  PRIIIARY. 

The  primary  STEEE-GTH-AGE  curves  emphas- 
ize further  the  wealmess  of  a  mortar  due  to  the  use 
of  too  little  water.  In  almost  every  case,  for  all 
ages  and  mortars,  the  C'O-S  curve  is  lower  than  all 
the  others,  ^'liis  is  true  for  both  tension  and  com- 
prr  ssion. 

It  is  also  shovm  that  mortars  containing 
the  greater  proportions  of  sand  are  less  sulject 
to  variations  in  strength  due  to  variations  in  the 
percentages  of  norm.al  consiS"tency.  This  fact  is  in- 
dicated hv  the  v/ide  range  of  mortars  curves  of 
the  mortars  which  are  rich  in  cement  and  the  com- 
paratively narrow  range  of  the  curves  of  mortars 
which  contain  a  large  pror>ortion  of  sand.  This  is 
true  for  both  corn-ores s ion  and  tension. 
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For  example:  the  range  of  the   STREUGTH- 
AGE  ciirves  of  various  consistencies  fo  conpress- 
ive  strengths  of  neat  cement  as  shovm  on  page  148, 
{Curve  20)  is  from  2890  to  4560  for  seven  days 
and  from  40l0  to  5570  for  OO  days,  while  the  range 
of  the  curves  on  page  151,  (Curve  23)  which  are 
for  com.pressive  strengths  of  1  -  S  mortars  of  var- 
ious consistencies  is  from  500  to  G70  for  7  davs, 
and  from  IO4O  to  2550  at  DO  days. 

In  neat  cement  the  range  is  1570  for7 
days,  and  2560  for  90  days. 

In  1  -  3  mortar  the  range  is  £70  for  7 
days  and  1510  for  OO  days. 

-he  range  increases  v/ith  age. 

-he  primary  BTREIGTE-AGE  curves  also  show- 
that  for  a  given  mortar,  a  slightly  v;etter  mir  will 
res-alt  in  an  increased  str'^ngth  at  a  later  age.  -his 
change  may  be  assumed  to  occct  near  the  age  of  28 
days  as  the  curve  intersections  m.0Etly  occur  near 
the  28  day  ordinate,  -his  is  true  for  "both  com.press- 
ion  and  tension. 

STREHGTH-JIGE  GlEvVSS,  A'vliSAGE. 

T/ithout  deception,  "he  average  oi.vh..i-rj.Jr.- 
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AGS  curves  show  that  the  maslmm  gain  in  strength 
occurs  between  28   and  90  davg.  It  is  therefore 
very  unwise  to  subject  mortar  to  loading  or  to 
wear  before  it  has  reached  an  are   of  fron  60  to 
90  days. 

STILllIGTE-AGE  CDHVES,  GEIT::HAI. 

-he  following  data  is  obtained  from  CnrYe 
36,  pajre  175. 

Compressive  strenp,-th  at  7  days  =  2C7O  Ibs./sq.  in. 
-onpressive  strength  at  28  days  =  2720  lbs.  /  sc.  in. 
Oonpressive  strength  at  90  days  -  4080  Ibs./so_.  in. 

-he  compressive  strength  at  7  days  is  50.75^ 
of  the  compressive  strength  at  90  days,  and  at  28 
days  it  is  66.7,-.  ^he  increase  in  strength  from  7  to 
28' days  is  but  16. 0>^  while  from  28  to  90  days  it  is 
33.3,-,  or  m.ore  than  tv;ice  as  much. 

-he  following  data  is  obtained  from  Curve 
37,  page  177. 

-ensile  strength  at  7  days  -  260  Ibs./sq.  in. 

^'ensile  strength  at  28  days  =  350  Ibs./sq.  in. 

.-ensile  str-ngth  at  90  days  =  430  lbs. /so.  in. 
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■^he  tensile  strength  at  7  days  is  60. 5;' 
of  the  t-nsile  strength  at  90, days,  and  at  28  days 
it  is  81.4,j»  -he  increase  in  strength  from  7  to  28 
da-rs  is  20, 9,--'  and  from  28  to  90  days  it  is  18.6,'^. 

-he  proposition  of  gain  in  strength  over 
a  given  period  of  time  is  suhject  to  great  var- 
iation as  has  "been  found  in  other  eiroeriments  "by 
the  writer,  ^his  is  prohahly  due  to  the  variation 
in  chemical  const iution  of  the  different  cements. 

riFAI 

Ihe   foregoing  conclusions   permit   the 
Tjriter   to  make   the   following  statements: 

1.    :i?2iE  li^niUM  T31TSII3  Aim   COI;I??.ESSr/E 
STEEITGTHS    OF  A   TYPICAI  PORTIAITD   CK2]rT  I.1A.Y  BE 
SAID   TO   OCCUR  AT  ABOUT   100:^  ITORIIAI  GOl^SISTErCYJ 
AIIOV;iITG   FOR -A  YAHIATIOIT  OF  APPROZItiATEIY   dfo 
EITHEI^  WAY. 

2. A  ilORTAR    ITT  V/HIGH  THS  AIIOUITT   OP  LIIZIITG 
7/ATER  USED  HAS   BEEF  nTSUFPIGISIIT    (SO^ORIiAI   COIT- 
SISTEITCY)    IS   OP   PAR  LESS   STRElTffTH  THAU  A  MORTAR 
IF  I7HICH  THE  AilOmiT  OP  HdZHlG   I7ATER  HAS  BEEF  EX- 
CESSIYEIY  GREAT.    fl40  ITORLIAI  COFSISTEFCYj 
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2.   I.IOHTARS    COITTAIITIITG   MRG3   P?.0P0?.TI3ITS 
Of   SAITD  A?:S   LESS   SUBJECT   TO   YARIATIOIT   IIT  STRSITGTE 
DUE   TO   YARIATIOJT  OF  PSECEITTAGE   OP  I.IIXIJTG  WATEH 
THAIT  ARE  MORTARS    GOirTAIirillG   SIIAIIER   IROrORTIOFS 
OF   SAIH)' 

l'^    TEE  VARIATIONS    III  STREIIGTH  DUE   TO 
THE  VARIA.TI01T  OE   THE  PERCENTAGE   OP  ITOPIIAI   COITSISTJ. 
SITCY  ARE   LEAST  AT   THE   LOV/ER  AGEs' 

'^[    THE  GAIIT   IIT  STRE'IGTH  EROII  7    TO   28 
DAYS    IS   GRADUAI  AS    IS   THE   GAIN   IE  STRENGTH  FROM 
28    TO   90   DAYS. 

6.    GOIIPRESSIYE  AND   TENSILE   STRENGTHS  ARE 
SBIILARLY  AFPEGTED  BY   VARIATION  IN  PERCENTAGE   OP 
MIXING  Y/ATER  AND  BY  VARIATION  IN  AGE. 
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